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DESCRIPTION 

MANAGING APPARATUS FOR MANAGING ASSISTING WORK TO 
ASSIST SUBSTRATE-RELATED-WORK PERFORMING SYSTEM, AND 
MANAGING PROGRAM FOR MANAGING ASSISTING WORK TO ASSIST 
SUBSTRATE-RELATED-WORK PERFORMING SYSTEM 

TECHNICAL FIELD 

[0001] The present invention relates to a managing apparatus, a 

managing method, and a managing program each for managing an assisting 
work that is a work to assist a substrate-related-operation performing 
machine performing an operation related to a circuit substrate such as a 
printed wiring board, and that is carried out by a worker. 

BACKGROUND ART 

[0002] An electronic circuit is assembled by using various 

substrate-related-operation performing machines. Those substrate-related- 
operation performing machines are, for example, a solder printing machine 
that prints solder cream on a circuit substrate; an adhesive applying 
machine that applies adhesive to a circuit substrate; and a component 
mounting machine that mounts circuit components such as electronic 
components on a circuit substrate. Those substrate-related-operation 
performing machines need various assisting works that are carried out by 
workers; such as a maintenance work, a material supplying work, a 
re-setting work, or a recovering work. Above all, the material supplying 
work is an assisting work to supply solder cream, adhesive, or circuit 
components. If the material supplying work is not smoothly carried out, 
then a time duration in which an operation of a substrate -related-operation 
performing machine is stopped is increased, and accordingly an operation 
efficiency of the machine is decreased. In addition, the recovering work is an 
assisting work to repair a failure of a substrate -related-operation 
performing machine, such as an urgency stop, production of a defective 
product, or lowering of an operation speed, and restore the machine to its 
normal condition. If a substrate -related-operation performing machine fails, 
then a worker needs to quickly deal with the failure. 

[0003] Of the assisting works, the material supplying work is 



carried out frequently, for many objective machines. Therefore, it is difficult 
to efficiently manage those material supplying works. To smoothly carry out 
material supplying works, Patent Document 1 proposes to predict a time 
when electronic components will run short in an electronic-component 
mounting machine and inform, 5 minutes before the predicted time, a 
worker responsible for the machine, of a number representing a position 
where components are to be supplied, and a sort of the components. In 
addition, Patent Document 2 proposes to inform all workers of information 
including a predicted time when electronic components will run short. 
[0004] Patent Document l: Japanese Patent Application 

Publication No. 9-223896 
Patent Document 2* Japanese Patent Application 

Publication No. 2002- 164697 

DISCLOSURE OF THE INVENTION 

[0005] In the above -de scribed prior art, the time when the electronic 

components will run short in the electronic-component mounting machine is 
predicted, and the workers are informed of the predicted time. However, 
though the workers are plural, who of the workers should carry out which of 
the assisting works is not determined, and the workers are formed of just 
the predicted time. Therefore, the assisting works cannot be carried out at a 
sufficiently high efficiency. 

[0006] It is therefore an object of the present invention to provide an 

assisting-work managing apparatus and an assisting-work managing 
program each of which allows an assisting work of assisting a substrate - 
related-operation performing machine to be carried out efficiently. This 
object may be achieved according to any of the following modes of the 
present invention in the form of an assisting-work managing apparatus and 
an assisting-work managing program each of which is numbered like the 
appended claims and may depend from the other mode or modes, where 
appropriate, to indicate and clarify possible combinations of technical 
features. It is, however, to be understood that the present invention is not 
limited to the technical features or any combinations thereof that will be 
described below for illustrative purposes only. It is to be further understood 
that a plurality of features included in any one of the following modes of the 
invention are not necessarily provided altogether, and that the invention 
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may be embodied without at least one of the features described with respect 
to each of the modes. 

[0007] In the following modes, the mode (l) corresponds to claim l; 

the mode (2) corresponds to claim 21 the modes (3) through (14) correspond 
to claims 3 to 14, respectively; and the modes (21) and (22) correspond to 
claims 15 and 16, respectively. 

[0008] (1) A managing apparatus for managing an assisting 

work to assist a substrate -related-operation performing system comprising a 
plurality of substrate -related-operation performing machines each of which 
performs a substrate-related operation that is related to a circuit substrate, 
the assisting work being carried out, as needed, when the 
substrate-related-operation performing system is operated, the managing 
apparatus assigning, each time a need to carry out the assisting work occurs, 
the assisting work to one of a plurality of workers, 

the managing apparatus being characterized by comprising 
an assisting-work occurrence information obtaining portion 
which obtains assisting-work occurrence information which is related to 
occurrence of a need to carry out at least one assisting work; and 

a worker determining portion which determines one of the 
workers who is to carry out said at least one assisting work as at least one 
objective work, so that said at least one objective work is assigned to said 
one worker. 

[0009] The substrate -related-operation performing system that is 

managed by the present assisting-work managing apparatus may comprise 
various substrate-related-operation performing machines, such as a solder 
printing machine, an adhesive applying machine (also called an adhesive 
dispenser), a component mounting machine, a reflow furnace, an inspection 
performing machine, or a substrate conveying machine. Alternatively, the 
substrate -related-operation performing system may comprise a 
substrate-related-operation performing line including a plurality of 
substrate-related-operation performing machines that are arranged in an 
array and that sequentially perform respective operations related to a single 
circuit substrate. 

[00 10] The assisting work is carried out by a worker to assist a 

substrate-related-operation performing machine. The assisting work is, for 
example, a maintenance work, a material supplying work, a re -setting work, 



or a recovering work. The maintenance work is an assisting work to keep a 
substrate-related-operation performing machine in a good condition and 
thereby allow the machine to smoothly perform a substrate-related 
operation, and it is, for example, periodic inspection, oiling, replacement of 
part(s), or adjustment. The material supplying work is, as described above, 
a work to supply material (components, parts, etc.) that are consumed or 
worn in a substrate-related operation. The re-setting work is a work to 
change sorts of circuit substrates with each other so that operations may be 
performed with respect to a new sort of circuit substrates. The re-setting 
work is, for example, modification of a control program of a substrate - 
related-operation performing machine; adjustment of a substrate holding 
device of a substrate-related-operation performing machine! replacement of 
a screen of a solder printing machine; or changing of a sort of components 
set in a component supplying device of a component mounting machine. The 
recovering work is, as described above, a work to remove a cause of a failure 
of a substrate-related-operation performing machine. The failure of 
substrate-related-operation performing machine is, for example, a bad 
operation result, such as missing of component(s) from an assembled 
electronic circuit, mounting of component(s) at incorrect position(s) on an 
assembled electronic circuit, or production of defective product(s) having, 
e.g., a defective portion such as solder bridge; a problem of an operation of a 
substrate-related-operation performing machine, such as occurrence of 
error(s) to an image processing step; or a problem of a substrate-related- 
operation performing machine itself, such as breaking of a suction nozzle or 
a failure of a component feeder. 

[0011] In the case where there are a plurality of workers who carry 

out assisting works, it is required that the assisting works be appropriately 
assigned to the workers. For example, if one assisting work is carried out by 
more than necessary workers, then respective operation efficiencies of the 
workers may be lowered. In addition, if a certain assisting work is not carry 
out any workers because all workers misunderstand that the assisting work 
has already been carried out by someone else, then an operation time of a 
substrate-related-operation performing machine may be decreased. The 
present assisting-work managing apparatus determines a worker who is to 
carry out an assisting work. Therefore, each worker can clearly recognize an 
assisting work to be carried out by himself or herself. Thus, the operation 



efficiency of each worker and the operation time of each substrate-related- 
operation performing machine can be improved. 

[0012] The assisting-work occurrence information is information 

related to occurrence of a need to carry out an assisting work, e.g., an 
assisting work to be quickly carried out, or an assisting work to be carried 
out in future. The assisting-work occurrence information may be just a 
number (No.) identifying an assisting work. However, it is preferred, for 
assigning the assisting work to an appropriate worker, that the 
assisting-work occurrence information include information related to, e g., 
an object of the assisting work, a sort of the assisting work, and a time when 
the assisting work is to be carried out. The information related to the object 
of the assisting work is information specifying an object on which the 
assisting work is to be carried out, and the object may be a substrate- 
related-operation performing machine itself, a specific device employed by a 
specific substrate-related-operation performing machine, or a specific 
material used by a specific substrate-related-operation performing machine. 
The information related to the sort of the assisting work is ^formation 
representing contents of the assisting work, such as a name of the work^The 
information related to the time when the assisting work is to be carried out 
is information that is used in determining the time when the assisting work 
is to be carried out, such as a time when material will run short. 
[0013] (2) The managing apparatus according to the mode W, 

wherein the worker determining portion comprises a pre-sefworker- 
information-dependent determining portion which determines said one 
worker based on a plurality of sets of pre-set worker information that are 
pre-set for the workers, respectively. 

(3) The managing apparatus according to the mode U), 
wherein the pre-set-worker-information-dependent determining portion 
determines said one worker based on the sets of pre-set worker information 
each set of which comprises at least one of a worker skill level and a 
responsibility section of a corresponding one of the workers. 
[0014] The pre-set worker information is, e.g., a worker skill level, a 

responsibility section, and/or a job family of each of the workers. Above all, if 
a responsible worker to carry out each assisting work is determined based 
on the worker skill level, the each assisting work can be assigned to a 
worker who has an appropriate skill level corresponding to a technical level 



of the each assisting work. For example, an assisting work having a high 
technical level that cannot be carried out by an ordinary worker is assigned 
to a worker who has a high skill level. The responsibility section of each 
worker is, for example, a work place where one or more assisting works are 
carried out by the each worker; a sort or sorts of one or more assisting works 
that are carried out by the each worker; a sort or sorts of one or more 
substrate-related-operation performing machines; or one or more groups of 
substrate-related-operation performing machine(s). For example, in the case 
where the responsibility section of each worker is a considerably narrow 
work area in which the each worker need not move long distances, useless 
movements of the workers can be reduced because responsible workers are 
determined based on the respective responsibility sections of the workers. A 
group of substrate-related-operation performing machine(s) may be one 
including at least one substrate-related-operation performing machine, or 
one including at least one substrate -related-operation performing line. 
[0015] (4) The managing apparatus according to any of the 

modes (1) through (3), further comprising a current-worker-information 
obtaining portion which obtains a plurality of sets of current worker 
information representing respective current states of the workers, 

wherein the worker determining portion comprises a current- 
worker-information-dependent determining portion which determines said 
one worker based on the obtained sets of current worker information. 

(5) The managing apparatus according to the mode (4), 

wherein the current-worker-information-dependent determining portion 
determines said one worker based on the sets of current worker information 
each set of which comprises at least one of a working state, a position 
around the substrate-related-operation performing system, an amount of 
work, and an assignment state of a corresponding one of the workers. 
[0016] The current worker information is information representing 

a state of each worker that is related to carrying-out of assisting work(s), 
and changes as the each worker carries out one or more assisting works. 
The current worker information comprises information related to at least 
one of a working state, a position, an amount of work, and an assignment 
state of each worker that can be recognized, predicted, or scheduled at the 
current time. The information related to the working state represents 
whether each worker is carrying out an assisting work, how long each 
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worker has been carrying out an assisting work, or how long each worker 
has been waiting without carrying out an assisting work. Based on the 
information related to the working state, a worker who is waiting can be 
selected as a responsible worker to carry out an assisting work. The 
information related to the position represents a position where each worker 
is present, for example, a current position of each worker, or a position of 
each worker after the each worker has carried out an assisting work. Based 
on the information related to the position, a worker who is present at a 
position near to a place where an assisting work is to be carried out, can be 
selected as a responsible worker. In this case, an amount of movement of 
each worker can be reduced. The information related to the assignment 
state represents how assisting works have been assigned to the respective 
workers, for example, what sort of assisting works have been assigned to the 
workers, or what times the assigned assisting works are carried out. The 
information related to the time when each assigned assisting work is carried 
out represents a time when each assigned assisting work is to be started, or 
a time when each assigned assisting work is to be finished. The information 
related to the amount of work represents a load applied to each worker in 
the past and/or the future, for example, a total time duration, or a total 
number of assisting works, in which each worker has been engaged within a 
pre-set time before the current time, and/or a total number of assisting 
works that are currently assigned to each worker or a total time duration 
needed to carry out those assigned assisting works. Based on the 
information related to the amount of work, a worker whose amount of work 
is small can be selected as a responsible worker. In this case, therefore, 
respective amounts of work of all the workers can be made as equal as 
possible to each other. 

[0017] (6) The managing apparatus according to any of the 

modes (l) through (5), wherein the worker determining portion comprises a 
worker-intention-dependent determining portion which determines said one 
worker based on an intention of said one worker. 

(7) The managing apparatus according to the mode (6), 

wherein the worker-intention-dependent determining portion comprises 

a pending-work-related informing portion which informs each 
of at least one of the workers of said at least one objective work which has 
not been assigned, and 
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a worker-intention-information obtaining portion which 
obtains, from at least one of the at least one informed worker, at least one 
set of worker intention information representing the intention of said at 
least one worker about whether said at least one worker carries out said at 
least one objective work. 

(8) The managing apparatus according to the mode (7), 

wherein the worker-intention- dependent determining portion further 
comprises a candidate selecting portion which selects, from the workers, at 
least one candidate who can carry out said at least one objective work, and 

wherein the pending-work-related informing portion informs 
each of said at least one candidate selected by the candidate selecting 
portion, of said at least one objective work. 

[0018] A worker is informed of an assisting work which has not been 

assigned, and worker intention information representing an intention of the 
worker about whether the worker carries out the assisting work is obtained. 
In this case, based on the obtained worker intention information, a 
responsible worker can be determined. The informing portion may employ 
an informing means that informs a worker of an assisting work, for example, 
a wire or wireless terminal device (i.e., a computer), or a display device or a 
speaker that is employed by each substrate -related-operation performing 
machine or the substrate-related-operation performing system. The 
intention of each worker may be inputted, as worker input information (e.g., 
worker intention information), into an input device that is employed by the 
system and is operable by each worker, and may be obtained as the worker 
input information. The input device may be a wire or wireless terminal 
device, or an input means that is employed by, e.g., each substrate-related- 
operation performing machine. An assignment of an assisting work may be 
done by determining a responsible worker to carry out the assisting work 
independent of an intention of the worker. However, if the intention of the 
worker is confirmed, then the assisting work can be more reliably assigned 
to the responsible worker. For example, if a worker cannot carry out, for 
some reason, an assisting work (e.g., the worker is now carry out another 
assisting work), then the worker inputs information indicating that the 
worker cannot carry out the work. In this case, the assisting work can be 
assigned to another worker. If a plurality of workers are informed of an 
assisting work, then each of the workers inputs information indicating 
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whether the each worker can carry out the work. Thus, the assisting work 
can be reliably assigned to a worker who can carry out the work. Moreover, 
in the case where a candidate who is an appropriate worker to carry out an 
assisting work is selected from a plurality of workers, useless 
communications or responses can be reduced. The above -described 
candidate selecting portion may select the candidate by utilizing one or 
more of the respective technical features recited in the modes (2) through (5). 
For example, the candidate selecting portion may select the candidate based 
on at least one of the pre-set worker information and the current worker 
information. 

[0019] (9) The managing apparatus according to any of the 

modes (l) through (8), wherein the worker determining portion determines 
said one worker at a time determined based on a time when said at least 
one objective work is carried out. 

[0020] The time determined based on the time when the assisting 

work is carried out is, for example, a time a little bits (e.g., several minutes 
or ten and several minutes) before the time of carrying-out of assisting work. 
If the responsible worker is determined at the time a little bits before the 
time of carrying-out of assisting work, then the worker can efficiently carry 
out the work. 

[0021] (10) The managing apparatus according to any of the 

modes (l) through (9), wherein the assisting-work occurrence information 
obtaining portion obtains a plurality of sets of said assisting-work 
occurrence information which are related to a plurality of assisting works, 
respectively, 

wherein the worker determining portion determines, in an 
order of priority of the assisting works, the workers who carry out the 
assisting works, respectively. 

[0022] In the case where a plurality of sets of assisting-work 

occurrence information respectively related to a plurality of assisting works 
are obtained, workers to carry out the assisting works are determined in the 
order of priority of the works. In this case, the assisting works can be 
carried out efficiently. Respective degrees of priority of the assisting works 
may be determined based on respective times when the works are carried 
out. For example, an assisting work to be carried out at a time nearer to the 
present time is determined to have a higher degree of priority. Alternatively, 
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the respective degrees of priority of the assisting works may be determined 
based on respective degrees of importance of the works. A degree of 
importance of each assisting work may be pre -set based on, e.g., a 
magnitude of influence caused when the each work is not carried out, or a 
proportion of the workers who can carry out the each work. For example, a 
degree of importance of a recovering work may be pre-set to be a 
considerably high; and a degree of importance of a recovering work to 
recover a failure resulting in producing defective products at a higher rate, 
or a failure resulting in decreasing an operation speed to a lower speed, may 
be pre-set to be higher. Since an assisting work having a higher degree of 
importance is assigned, with a higher degree of priority, to a worker, the 
assisting work having the higher importance can be carried out more 
reliably. For example, if a responsible worker to carry out an important 
assisting work that has a high degree of difficulty and can be carried out by 
only a special worker, is determined at an earlier time, i.e., the special 
worker is determined as the responsible worker at the earlier time, then 
another assisting work that is not so important and can be carried out by an 
ordinary worker can be prevented from being assigned to the special worker 
at a time when the important work is carried out. 

[0023] (11) The managing apparatus according to any of the 

modes (l) through (10), wherein the assisting-work occurrence information 
obtaining portion obtains a plurality of sets of said assisting-work 
occurrence information which are related to a plurality of assisting works, 
respectively, 

wherein the worker determining portion comprises a 
related-work-related determining portion which determines, as a plurality 
of said objective works, a plurality of related works which are related to 
each other on carrying-out of the works, and determines said one worker 
who carries out the related works. 

[0024] The related works are related to each other with respect to, 

for example, at least one of respective sorts of the works, respective objects 
of the works, respective places where the works are carried out, and 
respective times when the works are carried out. For example, a plurality of 
assisting works that are of a same sort, a plurality of assisting works whose 
respective objects are respective substrate-related-operation performing 
machines of a same sort, or a plurality of assisting works that are carried 
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out at respective places near to each other can be assigned to a single 
worker. The related works related to each other with respect to the times 
when the works are carried out are, for example, a plurality of assisting 
works that are carried out at respective times continuous with each other, 
more specifically described, a plurality of continuous assisting works that 
can be continuously carried out by a single worker. It is preferred that the 
continuous assisting works be carried out by the single worker while 
respective time durations in which the corresponding substrate-related- 
operation performing machines are stopped are not increased so much. To 
this end, it is preferred that the respective times when the continuous 
assisting works are carried out differ from each other by an appropriate 
time (for example, a time needed to carry out one of the works). 
[0025] (12) The managing apparatus according to any of the 

modes (l) through (11), wherein the assisting-work occurrence information 
obtaining portion obtains a plurality of sets of said assisting-work 
occurrence information which are related to a plurality of assisting works, 
respectively, 

wherein the worker determining portion comprises a 
simultaneous-work-related determining portion which determines, as a 
plurality of said objective works, a plurality of simultaneous works which 
are preferred to be carried out simultaneously with each other, and 
determines the workers who carry out the simultaneous works, respectively. 
[0026] For example, when an operation of a substrate-related- 

operation performing machine is stopped for a worker to carry out an 
assisting work thereon, there may be another assisting work that needs to 
stop the operation of the machine. In this case, if the latter assisting work is 
simultaneously carried out by another worker, a time duration in which the 
operation of the machine can be reduced as compared with the case where 
the two assisting works are carried out at different times. 
[0027] (13) The managing apparatus according to any of the 

modes (l) through (12), further comprising an assigned-work-related 
informing portion which informs said one worker determined by the worker 
determining portion, of said at least one objective work assigned to said one 
worker. 

[0028] Since the assisting-work managing apparatus comprises the 

assigned-work-related informing portion that informs the determined 
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worker of the assisting work assigned to the worker, the worker can easdy 
recognize that the assisting work has been assigned to himself or herself. 
The informing portion may employ an informing means as described above^ 
[0029] (14) The managing apparatus according to any of the 

modes (1) through (13), further comprising a plurality of portable terminal 
devices which can be carried by the workers, respectively, 

wherein the managing apparatus sends, and receives, 
information to, and from, the portable terminal devices carried by the 

Since the workers carry the respective portable terminal 
devices, the workers can receive respective sets of information through the 
portable terminal devices, or can input the respective intentions as 
respective sete of worker input information into the portable terminal 
devices, irrespective of where the workers may be working. Each of the 
portable terminal devices may be a portable computer that may optionaUy 
have a wireless communication function, such as a PDA (personal digital 
assistant). Alternatively, each portable terminal device may be a portable 
telephone that can be connected to the Internet. 

[0030] (21) A managing program for being implemented by a 

computer to manage an assisting work to assist a substrate -related- 
operation performing system comprising a plurality of substrate -related- 
operation performing machines each of which performs a substrate-related 
operation that is related to a circuit substrate, the assisting work being 
carried out, as needed, when the substrate -related-operation performing 
system is operated, the managing program assigning, each time a need to 
carry out the assisting work occurs, the assisting work to one of a plurality 

of workers, . . 

the managing program being characterized by comprising 
an assisting-work occurrence information obtaining step of 
obtaining assisting-work occurrence information which is related to 
occurrence of a need to carry out at least one assisting work, and 

a worker determining step of determining one of the workers 
who is to carry out said at least one assisting work as at least one objective 
work so that said at least one objective work is assigned to said one worker. 
[0031] (22) A recording medium on which the managing program 

according to the mode (21) is recorded to be readable by a computer. 
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The mode (21) and the mode (22) relate to a managing 
program for managing an assisting work to assist a substrate-related^ 
operation performing system, and a recording medium on the managing 
program is recorded, respectively. The foregoing descrmtion related to the 
a ir g -work managing apparatus also applies to each of the managing 
pXLn and the recording medium, and accordingly it is no. r^ated b» 
^ preventing redundancy of the description. Each of the mode (21) and the 
mole (22) relating to the managing program and the recording medmm 
respectively, can be combined with an arbitrary one of the above-described 
modes (2) through (14). 



BRIEF DESCRIPTION OF THE DRAWINGS 

uM32] Fig. 1 is an illustrative view of a general construct™ of a 

IZlto-related operation performing systom to which the present 

invention is applied. _„ D ^fii 0 
Fig 2 is a view showing an assisting-work master tile. 
Fig 3 is a view showing a portion of a worker master file. 
Fig". 4 is a view showing a portion of a current worker 

information. ^^.^rfa^^ 
Fig 6 is a view showing a portion of a recovering work list. 
Fig 7 is a flow chart representing an assisting-work 

management program as an embodiment of the present invention 
managemen p^g ^ ^ ^ representing a portion of the supplying work 

liSt ' Fig 9 is a flow chart representing a temporary 

supplying-work assignment routine as a portion of the assisting-work 
management prolan, ^ ^ ^ ^ & ^ ^ rf & portable 

terminal device^ ^ ^ ^ ^ ^ R supplying - WO rk 

assignment confirmation routine as another portion of the assisting-work 
management program. ^ ^ ^ ^ & ^ rf ^ ^ — 

information at a time different from the time corresponding to the current 
worker information shown in Fig. 4. 
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Fie 13 is a flow chart representing a recovering- work 
assignment routine as another portion of the assisting-work management 
program. ^ ^ ^ ^ ^ recoyering work Ust a t a time 

different from a time corresponding to the recovering work list shown in Fig. 

6 " Fig 15 is a view showing a current worker information file 

corresponding to an example different from the example corresponding to 

the current worker information file shown in Figs. 4 and 12. 

the ^ _ g a ^ show . ng a worker informatl0 n file 

a- <r to thP Pxamnle and a time different from the example and the 
corresponding to the example anu a e v niwT1 ; n Fies 4 

times corresponding to the current worker information files shown Ftgs. 

^ W ' Fie 17 is a block diagram representing various functions of 

an assisting-work management apparatus as an embodiment of the present 
invention. 

EXPLANATION OF REFERENCE NUMERALS , 
FoOSS] 10= substrate-related-operation performmg machines (10PR- 

creen-printing machines, 10DL dispensers, 10RO: high-speed component 
mounting machines, 10XY: general-purpose component mountuig machmes 
ToFU: re g fl ow furnaces) 1» 

W LAN 32: machine management device 36- assisting wore 
Lament device 42- PDA 50- responsibility sec.on 11* — 
work-occurrence-information obtaining portion 120- current wor 
rirma ion obtaining portion 140- responsible-worker 

40 142: pre -set-worker-information-dependent determining port on 144 
current-worker-information-dependent determining portion 146- worker 
current worKer miui *- related-work determining 

intention-dependent determining portion 148- rela ^ d oending - work 
portion 150: simultaneous-work determining portion 162- pending w«* 
"ing portion 164: WO rker ; intontion-information obtaming portion 
180: assigned-work informing portion 

BEST MODE FOR CARRYING OUT THE INVENTION 

fS Hereinafter, there will be described in detail an embodimen 

ITT present invention. It is, however, to be understood that the present 
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invention is by no means Umited to the details of the Moving 

but may be embodied with various changes, such as those described n 

MS "lOSURE OF THE INVENTION, that may occur to a person skuled m 



the art. . 
10035] 1. Substrate-Related-Operation Performing System 

1.1 General Construction of Substrate-Related-Operation 

Performing System 

Fig 1 is an illustrative view of a portion of a 
snbstrate-related-operation performing system. The present substrate- 
related operation performing system includes a plurahty of substrate 
eiated-operaUon performing groups. In the present embodrm. mt, ea h of 
the substrate-related-operation performing groups is provided by a machine 
U* that is constituted by a plurality of s ubstrate-reU,ted-operat,on 
perming machines arranged in an array. The present subs*ate -rented 
operation performing system includes various sorts of substrate related 
Oration performing groups that are obtained by combining various sorts of 
surrte reTated-operTtion performing machines with each other in vanous 
substrate rela p ^ sub3trate . related . ope rat.on 

manners. However Fig^ d a 

performing groups 12A, B, O eacn oi wn ji.oenser 
Leen-printing machine 10PE as a solder printing machine, a dispenser 
as an adhesive applying machine, a high-speed component-mounting 
machine 10RO as a rotary-head-type component mountmg machme, a 
TnXurpose component-mounting machine 10XY as a component- 
mounting machine that is constituted by connecting a plurahty of 
^robotty^e component-mounting modules to each other, and a reflow 
« as a'soldering heater furnace, with each ^(Heremafte, 

the substrate-related-operation performing groups 12A, B, C will be 
Snerany referred to as the ..substrate-related-operation performmg groups 
12" where appropriate; and the substrate-related-operaUon performmg 
machines employed by the substrate-related-operation performing groups 
T 2 A B C win be generally referred to as the "substrate-related-opera ion 

rforming machines 10', where appropriate., Each of the 
operation performing machines 10 includes a control panel, and » controUed 
£ the control pane, so as to perform a substrate-related operatic. Each 
the control panels includes a display device and an input dev.ce, and 
operable by a worker. 
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100361 The respective control panels of the substrate-related- 

SL periling -chines 10 are connected to a LA* . Ooca! area 
network) 30 as an information communication hne employed by the 
^1-Lted-operation performing system. To the LAN * a ^macb™ 
management device 32 and an assisting-work management dev.ce 36 ; „ 
Tnnected Each of the substrate-related-operation performmg machmes 10 
mine management device 32, and the assist — 
device 36 includes a communication unit, such as a LAN board, andean 
communicate information with each other v.a the LAN 30. The mach me 
management device 32 receives various sorts of informal™ sent from the 
"speX control panels of the substraterelated-operation performmg 
macule 10, and sends, based on the received informal™, respective 
Tommlds to the same 10, or processes the received informal, as needed 
Z example, when one of the substrate-related-operaUon perf ta. m 
machines 10 has failed, the machine management dev.ce 32 adjusts the 
restive operations of the other substrate-related-operation performmg 
!htes 10 belonging to the same substrate-related-operation performmg 
"up « - which the one machine 10 
L machine management device 32 estimates, based on mformation sent 
from an appropriate substrate-related-operation performmg machme 10, a 
time when L material that is consumed in the machine 10 run ^shorti 
M37] A wireless communication device 40 is connected to he LAN 

30 and each of a pluraUly of workers carries a PDA (personal d-grta! 
assent) 42 as a portable terminal device that has a wreless 
rmunLion function. Thus, each of the PDAs 42 and *e machm 
+ a*™* can communicate information with each other via 
rXC— Z ZL 40 and the LAN 30. Each of the PDAs 42 
his a registered worker number (described later) that .denies a 
corresponlg one of the workers who carries the each PDA 42, so that when 
the machine management device 32 receives information from the each PDA 
t th tvTce 32 can identuy, based on the regi stered worker number added 
to the received information, the worker who carr.es the each PDA 42. Each 
of the K)As 42 includes a touch panel and a speaker, and can vmbly o 
anally inform the worker of, e.g., assisting-work information sent from the 
assisting-work management device 36 and send, e.g., information mputted 
Coworker, to the device 36. In the case where a microphone is connected 
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to each of the PDAs 42 that can do speech-recognition communication and 
can implement speech-communication software, the corresponding worker 
can use his or her voices to communicate various sorts of information w*h 
the other workers, or input various sorts of information into the each PDA 
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m m The assisting-work management device 36 is essentially 

constituted by a computer including a CPU, a ROM a RAM, and an 
input-and-output interface all of which are not shown, and includes an input 
device such as a keyboard; a display device such as a cathode ray 1 ube, and 
an external memory device such as a hard disc. The ROM, the RAM, and the 
external memory device cooperate with each other to store an assisting-work 
management program, described later, and various sorts of mformaUon^ 
Hereinafter, the ROM, the RAM, and the external memory device will be 
generally referred to as the "memory device". 
[0039] 2. Assisting Work 
2.1 Assisting Work 

In the present embodiment, the assisting-work management 
device 36 manages material supplying works and recovering works each as 
an assisting work. The memory device of the assisting-work management 
device 36 stores, as an assisting-work master file, basic assisting-work 
information as basic information common to various sorts of assisting works 
that are managed by the device 36. Fig. 2 shows the basic assisting-work 
information recorded as the assisting-work master file. The basic assisting- 
work information includes respective names of the assisting works, 
respective sorts of the assisting works; respective objective machines of the 
assLing works; stopping (YES) or non-stopping (NO of the ob^ecUve 
machine of each of the assisting works; respective needed skill levels of the 
assisting works; respective standard needed times of the assisting works, 
respective arrival-time adjusting times of the assisting works; respective 
priority adjusting times of the assisting works; and respective material 
taking times of the assisting works. The "stopping or non-stopping of the 
objective machine of each of the assisting works" is information indicating 
whether stopping of the operation of the substrate-related-operaUon 
performing machine 10 as the objective machine of the each assisting work 
is needed when the each assisting work is carried out. More specificaUy 
described, each of the assisting works indicated by "YES" is carried out only 
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under a condition that the performing machine 10 as the objective machine 
of the each assisting Work is not performing the substrate -related operation, 
and each of the assisting works indicated by "NO" can be carried out under 
a condition that the performing machine 10 as the objective machine of the 
each assisting work is performing the substrate-related operation. The 
"respective needed skill levels of the assisting works" are, in short, 
respective degrees of difficulty of the assisting works. Each of the assisting 
works indicated by «H (high)" is carried out by only one of the workers who 
are skilled in carrying out the each assisting work; and each of the assisting 
works indicated by «L (low)" can be carried out by any of the workers. The 
"respective standard needed times of the assisting works" are respective 
typical times needed to carry out the assisting works, and include, as needed, 
respective margin times to arrive, in advance, at respective work places and 
prepare for the current assisting works, and/or respective margin times to 
prepare for the respective next assisting works. The "respective amvahtime 
adjusting times of the assisting works" are respective times used to adjust 
based on respective material- shortage times (described later) of the 
assisting works, respective recommended arrival times of the assisting 
works The "respective priority adjusting times of the assisting works are 
respective times used to adjust, based on the respective recommended 
arrival times of the assisting works, respective priority-order times of the 
assisting works (described later). The respective standard needed times of 
the assisting works and the respective arrival-time adjusting times of the 
assisting works will be described later. The "respective material taking 
times of the assisting works" are respective times needed to fetch, e.g new 
reels or feeders from respective electronic-component storage places 46A, B, 
C corresponding to the three substrate-related-operation performing groups 
12A, B, C. 

[0040] 2.2 Material Supplying Works 

The material supplying works each as a sort of assisting 
work are works to supply various sorts of materials to the substrate-related- 
operation performing machines 10. The basic assisting-work basic 
information include basic information for the material supplying works such 
as a solder supplying work, a syringe replacing work, feeder replacing works 
(RO and XY), and a reel replacing work. The "solder supplying work is a 
work to supply new solder cream stored in the vicinity of each 
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screen-printing machine 10PR. to a solder-cream container of the ^each 
screen-printing machine 10PR. The "syringe replacing work is a work to 
Xace an adhesive injection syringe of each dispenser 10DI w.«i a new one 
stored in the vicinity of the each dispenser 10DI. Each of ^the solder 
supplying work and the syringe replacing work is earned out under the 
ZiL that the operation of a corresponding ~ /*« 
machine 10PR and the dispenser 10DI is stopped. Each of the feeder 
replacing work RO» and the "feeder replacing work XY" is a work to replace 
ne of a plurality of tape feeders (hereinafter, simply referred to as the 
-feeders") which are employed by each high-speed component mounting 
machine 10RO or each general-purpose component mounting machine IKY 
(hereinafter, referred to as "each component mounting machine aORO XY 
where appropriate) and each of which holds a reel around which an 
electronic component carrier tape is wound and feeds electronic components 
carried by the carrier tape. New feeders are stored in the respec^ 
electronic-component storage places 46A, B, C for the three 
Itrate-relatod-operation performing groups ISA, B, C. A worker moves to 
one of the three electronic-component storage places 46 that correspond to 
the substrato-related-operation performing group 12 to which the objective 
machine 10 of the current feeder replacing work belongs, selects a new 
feeder holding the same sort of electronic-component carrier tape as the sort 
of the electronic-component carrier tape used up by the current feeder, 
eonveys the selected new feeder to the component mounting machine 10RO 
XY as the objective machine 10, and replaces the current feeder with the 
new feeder. The feeder replacing work XY is carried out under the condition 
that the operation of the general-purpose component mounting machine 
10XY is stopped; but the feeder replacing work RO can be earned out under 
the condition that the operation of the high-speed component mounting 
machine 10RO is not stopped. The high-speed component mountmg machtne 
10RO employs two movable feeder tables each of which holds a plurality of 
feeders. Therefore, when one of the two feeder tables is used to supp y 
electronic components, a worker can replace one or more of the feeders held 
by the other feeder table in rest. The "reel replacing work .s a work to 
replace one of the respective reels held by the feeders of each 
general-purpose component mounting machine 10XY. Like the above^ 
described feeder replacing work, a worker moves to an appropriate one ol 
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the electronic-component storage places 46, selects an appropnate ne w reel 
conveys the selected new reel to the general-purpose component ^mounUn 
machine 10XY, and replaces the current reel with the new reel The n*d 
replacing work includes a splicing operation to connect a trading end 
por^n of the electronic-component carrier tape held by the current reel* 
I leading end portion of the electronic-component earner tape held by the 
new reel. 

ro04ll 2 3 Recovering works 

The recovering works each as another sort of assisting work 
are works to remove respective causes of respective Mures occurring ;« > *e 
substrate-related-operation performing maclunes 10, and thereby restore 
the devices 10 to their normal conditions. The basic assisting work 
nformation includes basic information for the recovering works such as a 
ntrie replacing work, an image-recognition-condition adjustm, ^worfc a 
solder-amount adjusting work, and a heating-condition adjusting work. The 
We replacing work" is a work to replace, with a new suction nozzle, one 
of a plurality of suction nozzles employed by each component moun mg 
L bt 10RO, XV, said one suction nozzle being ~*» »J£Z 
normally because of, e.g., wearing, deformation, or breaking. When the 
nozl replacing work is carried out, the operation of the component 
mounting made 10RO, XY is stopped. The "image recogmrion-condrUon 
justing work" is a work to adjust an image recogmrion condmon. Each 
om^nt mounting machine 10RO, XY includes an image tak mg camera 
to" ke an image of an electronic component sucked and held by each of the 
Itn nozzles" and processes image data representing the taken mrageof 
the electronic component so as to determine, e.g., a position of the 
component held by the each nozzle. However, if electronic components of a 
dZent production lot retiring a different image recognition condztmn 
^n he current image recognition condition are supplied te the component 
mounting machine 10RO, XY, then those components may not be accurately 
recognized by the machine 10RO, XV, and accordingly the operation of the 
mXe 10RO, XY may be automatically stopped because it is judged that 
Z precognition error has occurred. In this case, the image-recognition- 
conXon adjusting work is carried out. The "solder-amount adjusting work 
s a work to adjust an amount of cream solder that is printed by each 
screen-printing machine 10PR. The "heating-condition adjustmg work is 
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work to adjust a heating condition under which ^^^^eZ 
which electronic components have been mounted is heated by each reilo 



furnace 10FU. 
[0042] 3. Information Related to Workers 
3.1 Pre-set Worker Information 



3 1 Pre-set worKer iuwhuov^ 

In the present substrate-related-operation performing 

system, the assisting works related to the three substrate «**»7 5 
performing groups 12A, B, C are carried out by five workers W through W5 
(Fig 1) Pre-set worker information as basic mformauon for the workers Wl 

Sough W5 is stored as a worker master file by the memory dev.ce of he 
IsXL-work management device 36, and is utilized m ass lg ning the 
works to the worker, Pig. 3 shows a^t font, f the pt.ee work 

xdentincation coa p assisting works as 

iC - 1^ skiUed workers G.e., Wl. W2) indicated by ^ - ™ 
all the assisting works the respective skill ^<^*"J« £ ^ 
each of the ordinary workers G.e., W3 through W5) indited by L can 
ry oufL assisting works the respective needed skin levels of which .„ 
r cannot carry out the assisting works the respective needed sk,U 
Jevels f which are V The "responsibility section" is a sectmn for which 
earworker has responsibility to carry out the assisting works. As desmbed 
above tnt present substrate-related-operation performing system includes 
1 o lurality of substrate-related-operation performing groups, and the 
h J pertming groups 12A, B, C out of the plurality of P— = 
constitute one responsibility section 50. The workers Wl through W5 are 
engaged in the assisting works related to the three groups 12A, B, C. The 
sXd workers CW1, W2) have an additional responsibdi^ to 
maintenance works that are not managed by the assisting wor 
management device 36 in the present embodiment. 

[0043] 3.2 Current Worker Information „,«__ 
Current worker information is information representing 
respective current states of the workers about how the workers are carrying 
T ht assisting works. Unlike the above-described preset work 
information, the current worker information » updated as the workers 
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sequentially carry out the assisting works. The current worker infomaUon 
7ZZ as a current worker information file by the memory devtce of *e 
iXwork management device 36, and is utdized together with he 
pre-set worker information, when the assisting works are -«™"> £ 
workers Fig. 4 shows the current worker information corresponding to the 
Z worker! (WX through W5). In the present embedment, the current 
worker information includes respective working states of the workers 
respective current positions of the workers; respective assigned works of the 
worker ; respective scheduled starting times of the assigned works, 
TsX seamed finishing times of the assigned works. 
finishing positions of the workers; respective intentions of the worker* 
lpective total times of respective actual works of the workers, and 
Isp L finishing times of respective previous works of the workers- The 
"respective working states of the workers" are informaUon mtotrng 
whether each of the workers is working or not, and are a sort of working 
state information. The respective working states of the workers are updated 
based on e.g., sets of worker input information as sets of information 
■;ld by L workers into the respective portable 

the substrate-related-operation performing machines 10. The respec ve 
current positions of the workers" are information obtamed by estimate 
based on the sets of worker input information. For example, when a worker 
moves to carry out a work other than an assigned work, the worker inputs a 
Zmation oTthe movement into the corresponding portable ™ <>-~ 
42 so that the worker's current position is updated. For example, if, when 
L worker W3 starts the syringe replacing work on the 
belonging to the substrate-related-operation performing group 12A, the 
worker W3 inputs his own worker No. and a command into the input device 
Z 2 ZoJer 10DI, then the dispenser 10DI sends, to the — 
management device 36, a set of worker input information -luding the 
"putted worker No. and command. Likewise, if, when the syringe replacing 
wortt finished, the worker W3 inputs a command to resume the operation 
Tf he dispen- 10DI, then the dispenser 10DI sends, to the --ting-rk 
management device 36, a set of worker input informafon including the 
ZtteTcnmmand with the worker number. Based on those sets of worker 
^formation, the assisting work management device 36 can recognise 
that the worker W3 has started or finished the syringe replacing work and 
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that the current position of the worker W3 is near to the dispenser 10DI. In 
the present embodiment, it is assumed that the current position of each 
worker Wl through W5 is recognized as an appropriate one of three areas A, 
B C shown in Fig. 1. For example, when the current position of the worker 
W3 is near to the dispenser 10DI belonging to the group 12A, the current 
position of the worker W3 is recognized as the area A, and the current 
worker information is updated based on this recognition. 
[0045] The "respective assigned works of the workers" are 

respective work IDs identifying respective assisting works that are assigned 
to the respective workers Wl through W5 by an assisting- work assigning 
operation that will be described later. The work IDs will also be described 
later The "respective scheduled starting times of the assigned works" are 
respective scheduled starting times of the assigned works that are to be 
firstly carried out by the workers Wl through W5, respectively. The 
"respective scheduled finishing times of the assigned works" are respective 
scheduled finishing times of the assigned works that are to be last carried 
out by the workers Wl through W5, respectively. An operation of calculating 
the scheduled starting and finishing times of each of the supplying works 
and the recovering works will be described later. The respective scheduled 
starting times of the assigned works and the respective scheduled finishing 
times of the assigned works are a sort of assignment state as information 
related to the assisting work(s) assigned to each worker Wl through W5 (i.e., 
the respective assignment states of the workers Wl through W5 are a 
portion of the current worker information). The respective scheduled 
starting times of the assigned works and the respective scheduled finishing 
times of the assigned works are utilized in the assisting-work assigning 
operation, described later, so that new assisting works may be assigned to 
respective time durations prior to the respective scheduled starting times, or 
respective time durations subsequent to the respective scheduled finishing 
times The "respective work finishing positions of the workers" are 
respective positions of the workers Wl through W5 when the assigned 
works that are last carried out by the workers, respectively, are finished. In 
the case where there are no assisting works assigned to each worker, the 
position of the each worker when the assigned work is finished is equal to 
the current position of the each worker. The respective positions when the 
assigned works are finished and the above-described respective current 
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positions of the workers are a sort of position information. The respective 
temporarily assigned works of the workers" are information mdtcatmg 
which of the assisting works has been temporarily assigned to who of the 
workers Wl through W5, and include respective work IDs .denffyrng 
respective assisting works temporarily assigned to the workers. The 
information of "respective intentions of the workers" indicates whether the 
assisting work temporarily assigned to each worker Wl through W5 has 
Len accepted by the each worker. The "respective total times of respective 
actual works of the workers" are respective current total tunes during winch 
the workers Wl through W5 have actually carried out the assisting works m 
a day, and are a sort of work-amount information representing a load of the 
assisting work(s) carried out by each worker in the past or the future. The 
"respective finishing times of respective previous works o the , worker s are 
respective finishing times of the respective assisting works that have been 
last carried out by the workers, and are a sort of the assignment state ,a 
each worker Wl through W5. In the table shown m F» 4 each of the 
column of "temporarily assigned work" and the co umn of mtention of 
worker" is labeled with a parenthesized work ID --(N7)-and a parenthood 
answer "(Y)--, since those work IDs and those answers are temporarily 
recorded but then deleted when a responsible worker as a worker who is 
responsible for carrying out each assisting work is determined. 
10046] 4. Information Related To Assisting Works 

4 1 Obtaining Assisting-Work Occurrence Information 

Assisting-work occurrence information is related to 
occurrence of a need te carry out an assisting work, and is produced by the 
machine management device 32 based on information supphed from each 
substrate-related-operation performing machine X0. A set of assisting work 
occurrence information includes an object and a sort of an assistmg work 
aid a rime when the work is to be carried out. The assisting-work 
nmnagement device 36 receives the sets of assisting-work occurrence 
"formation from the machine management device 32, and thereby 
recognizes what sorts of assisting works shou.d be assigned to the workers 
Wl through W5. More specifically described, the assisting-work 
management device 36 obtains supplying-work occurrence information as 
assisting-work occurrence information related to a material supplying wort 
and recovering-work occurrence information as assisting-work occurrence 
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information related to a recovering work, and manages sets of supplyxng- 
work occurrence information and sets of recovering work occurrence 
information. Although the assisting-work management device 36 manages 
assisting works related to other responsibility sections than the 
responsibility section 50 shown in Fig. 1, the following descriptxon of he 
present embodiment addresses only the assisting works related to the 
responsibility section 50 as a representative section, and the assxgnment of 
those assisting works as a representative assignment. Here, xt xs .assumed 
that the assisting works related to the responsibility secUon 50 be carrx^d 
out by the workers Wl through W5 who are responsxble for the substrate 
related-operation performing groups 12A, B, C, and not carried out by any 
other workers. 

[0047] 4.2 Supplying-Work Occurrence Information 

Supplying-work occurrence information is information 
related to occurrence of a need to carry out a supplying work, and includes a 
material shortage time when a material wdl run short. A matenal shortage 
time of each sort of material is determined by the machine management 
device 32 based on a remaining amount of the each material that * sent 
from a corresponding substrate-related-operation performmg machine 10. 
Each substrate-related-operation performing machine 10 periodically (e.g., 
every minute) sends, to the machine management device 32, a remaining 
amount of the material used by the each machine 10, together with a 
current time (i.e., a time when the remaining amount is measured). The 
machine management device 32 stores, as an operation history o the each 
machine 10, a plurality of sets of data each set of which includes the 
remaining amount of the material and the current time and determines 
based on a pre set number of the sets of data, a speed of operation of the 
each machine 10 and a speed of decreasing of the material In addition 
based on the thus determined speed of decreasing of the material and fte 
last set of data including the last remaining amount of the matenal and the 
iast current time, the machine management device 32 determines „ a 
material shortage time, a time when the remaining amount of the material 
wiU become equal to a pre-set minimum amount. A set of supplymg-work 
occurrence information includes a material shortage time of a matertal a 
name of a supplying work, and work-object information 
representing that material. The machine management dev.ce 32 periodically 
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(e . every minute) sends a set of supplying-work occurrence ^formation to 
he assisting-work management device 36. Each substrate-related-opera .on 
PerfornTing machine 10 sends the ahove-described worker input mformaUon 
« te -chine management device 32, and the mac managem nt 
Lice 32 modifies the material shortage time of each materml based on the 
worker input information. 

[0048] Recovering Work Occurrence Information 

Eecoveringwork occurrence information .s mformatron 
related to occurrence of a need to carry out a recovering work, and is sent 
tL the machine management device 32 to the 

device 36 at the time of occurrence of the recovenng work. The machine 
management device 32 receives, from each substrate-related-operaUon 
^forming machine !0, information related to a failure thereof recogmzad 
by a "if-lgnosis function thereof, and produces a set of recovermg-work 
«nce information. For instance, if a rate at which a suction nozzle ofa 
Tmponent mounting machine 10RO, XY fails to suck a component ,s higher 
tZ a rellce rate, then the machine 10 Judges that the suctmn nozzle 
£ fafljand sends, to the machine management device32 .inform^ 
indicating that a failure has occurred, informat.cn identifying the nozzle 
It follon representing the rate at which the nozzle , » suck 
components. The machine management device 32 judges, based on the 
eXed information, whether a suction-nozzle replacing work should be 
ITckly carried out and sends, to the assisting-work management dev.ce 36 
Tset of recovering-work occurrence information as a command to carry out a 
nozzle placing work as a sort of recovering work. The set of recovenng- 
Trk occurrel information includes work-object informs* ,n as 
information identifying a work object (e.g., a suction nozzle), ^formation 
„ « m «. when a failure occurred, and urgency-degree 
representing a tune when a fa ^ 

information representing whether a recovering 



carried out 



■ 0048] 4.4 Supplying Work List 

The assisting-work management device 36 produces, based 
on the thus obtained sets of supplying-work occurrence information and the 
above-described basic assisting-work information, a fist of supplying works 
tThave occurred, and stores the thus produced list as a supp ymg : 
It in the memory device of the device 36. The supplying work hst .s utilized 
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in the assisting-work assigning operation, described later, in which the 
supplying works present in the supplying work list are assigned to 
respective responsible workers, basically in the order of respective degrees 
of priority of the supplying works. Fig. 5 shows a portion of the supplying 
work list at a certain time of day. The supplying work list includes 
information related to work IDs; work-object codes! priority-order times, 
recommended arrival times; material shortage times; material codes; and 
near-position continuous works Gndicated by "near continuous work in Fig. 
5 and abbreviated to the "near continuous work(s)" in the following 
description, where appropriate). The "work IDs" are respective identification 
codes identifying the respective assisting works. The work IDs identifying 
the assisting works that have been already finished are not used again. 
Therefore, when new assisting works occur, new work IDs are given to those 
new works, respectively. Generally, the order of the work IDs does not 
always coincide with the order of the priority-order times. However in the 
supplying work list shown in Fig. 5, it is assumed that the order of the work 
IDs coincides with the order of the priority-order times, for easier 
understanding purposes only. The "work-object codes" are codes produced 
based on the sets of work-object information sent from the machine 
management device 32, and are information identifying respective places 
where respective materials as respective objects of the supplying works are 
held or stored. Each work-object code includes information related te a 
specific substrate-related-operation performing group 12, a specific sort of a 
substrate-related-operation performing machine 10, and a specinc 
attachment position in the specific machine 10 that holds or accommodates 
a corresponding material. For example, regarding a work-object code- 
A-XY-306 "A" indicates the substrate-related-operation performing group 
12A; "XT' indicates the substrate-related-operation performing machine 
10XY; "3" out of "306" indicates a mounting module, No. 3, out of a plurality 
of mounting modules employed by each substrate-related-operatum 
performing machine 10XY; and "06" out of "306" indicates a feeder 
attachment position, No. 06, out of a plurality of feeder attachment positions 
on a feeder table employed by each mounting module. In addition, regarding 
a work-object code: BRO-205 related to a high-speed component mounting 
machine 10RO, "2" out of "205" indicates a feeder table, No. 2, out of the two 
feeder tables employed by each high-speed component mounting machine 
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10RO; and "05" out of "205" indicates a feeder attachment position, No. 05, 
out of a plurality of feeder attachment positions on each feeder table. 
[0050] The "recommended arrival times" are respective times when 

the workers Wl through W5 are recommended to arrive at respective work 
places, and are a sort of assignment state of each worker. So long as each 
worker does not have any special reasons, e.g., a reason that an arrival will 
be delayed because of the previous assisting work, the each worker must 
arrive at each work place before the corresponding recommended arrival 
time and start the corresponding assisting work. However, in the case 
where an assisting work is a work, such as a feeder replacing work, that 
needs to take a new material, the corresponding recommended arrival time 
will be a time when a worker should arrive at a work place after the worker 
has taken the new material. A recommended arrival time is calculated by 
adding an arrival-time adjusting time, shown in Fig. 2, to a material 
shortage time. An arrival-time adjusting time is a pre-set time that is used 
to adjust a recommended arrival time. For example, the reel replacing work 
may be started 120 seconds before a time when an operation of a 
general-purpose component mounting machine 10XY is stopped, and 
accordingly an arrival-time adjusting time corresponding to the reel 
replacing work is pre-set at - 120 seconds. Each of the solder supplying 
work the syringe replacing work, and the feeder replacing work XY is a 
supplying work that may not be started before an operation of a 
corresponding substrate -related-operation performing machine 10 is stopped, 
and accordingly an arrival-time adjusting time corresponding to each of 
those supplying works is pre-set at - 30 seconds, so as to start the each 
supplying work immediately after the machine 10 is stopped and thereby 
minimize a time duration in which the machine 10 is stopped. The 
"priority-order times" are respective times when the assisting works are 
carried out, and are a sort of priority degree of each assisting work. An 
assisting work having an earlier priority-order time has a higher priority 
degree for its assignment to a worker. In the supplying work list shown in 
Fig 5 the supplying works are arranged in the order of the corresponding 
priority-order times, i.e., from the earliest time to the latest time, and 
basically those works are assigned in this order to the workers Wl through 
W3 A priority-order time is obtained by adding a priority-order adjusting 
time (Fig. 2) to a recommended arrival time. A priority-order adjusting time 
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is a pre-set time to adjust a priority order. For example, regarding each of 
the solder supplying work, the syringe replacing work, and the feeder 
replacing work XY, it is desirable to carry out the each work immediately 
after the operation of the corresponding substrate-related-operation 
performing machine 10 is stopped by the shortage of the material consumed 
by the same 10, and a priority-order adjusting time for the each work is 
pre-set at - 30 seconds so as to increase a priority degree of the each work^ 
On the other hand, regarding the feeder replacing work RO, the operation of 
the corresponding high-speed component mounting machine 10RO is not 
stopped so soon after the material consumed by the same 10RO runs short 
and accordingly it is not needed so much to hurry the feeder rep hieing work 
RO Therefore, a priority-order adjusting time for the feeder replacing work 
RO is pre-set at 60 seconds so as to decrease a priority degree of the work. 
Each priority-order adjusting time and/or each arrival-time adjusting time 
may be changed, as needed, based on a sort, a frequency, and an importance 
of a corresponding supplying work; a skill level of each worker (e.g., an 
actual time needed by the each worker to carry out a supplying work), and a 
total number of the workers. 

[0051] The "near-position continuous works" are information 

indicating whether each supplying work has one or more near-position 
continuous works that are to be carried out at respective positions near to 
the position where the each supplying work is to be carried out and can be 
continuously carried out by one worker. For example, in the case where a 
worker can carry out, after having finished one supplying work in a certain 
area, one or more other' supplying works in the same area aR those 
supplying works are determined as near-position continuous works. In this 
case, when the earliest one of the plurality of near-position continuous 
works is assigned to one worker, the other near-position continuous works 
are simultaneously assigned to the same worker. Since the worker can 
continuously carry out the near-position continuous works at the respective 
positions near to each other, the work efficiency of the worker is improved. 
For example, in the case where the column of "near continuous work 
corresponding to a certain supplying work is indicated by 0 in Fig^ 5, the 
supplying work has no near-position continuous works; and in the case 
where the column of "near continuous work" corresponding to a certain 
supplying work is indicated by "1" or "2" in Fig. 5, the supplying work has 
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one or two near-position continuous works that are to be earned out 
continuously after the supplying work is carried out. In addition, in the case 
where the column of "near continuous work" corresponding to a certain 
supplying work is indicated by a work ID in Fig. 5, the supplying work is a 
near-position continuous work to be carried out Mowing a supplying work 
having the work ID. This near-position continuous work will be referred to 
as the "dependent work". In the case where a dependent work is a supplying 
work, such as the reel replacing work, that needs to take a new material, a 
worker can take the new material simultaneously when the worker takes a 
new material for the earliest one of the plurality of near-position contmuous 
works to which the dependent work belongs. In this case, therefore, the 
worker needs substantially no additional time to take the new material for 
the dependent work. 

[0052] The supplying work list, shown in Fig. 5, is updated each 

time the assisting-work management device 36 receives a set of 
supplying-work occurrence information. More specifically described, a 
work-object code as a portion of the received set of ^W™* 
occurrence information is checked against the respective work-object codes 
of the supplying works present in the supplying work list ami e g a 
material shortage time for the corresponding supplying work is updated H 
the material shortage time is updated in the supplying work list, the 
priori-order adjusting time and the recommended arrival tune 
corresponding to the supplying work are updated based on the updated 
material shortage time, and all the supplying works present in the 
supplying work Ust are re-arranged in the new order of the respective 
priority-order times thereof. 
[0053] 4.5 Recovering Work List 

The assisting-work management device 36 produces, based 
on the obtained sets of recovering-work occurrence information and the 
above-described basic assisting-work information, a list of recovenng works 
that have occurred, and stores the thus produced list as a recovery work 
list in the memory device of the device 36. Basxcally, if at least one 
recovering work is present in the recovering work hst, then the 
assisting-work management device 36 determines at least one worker 
responsible for the at least one recovering work, in the assxs mg-work 
assigning operation, described late, To this end, the assxstxng-work 
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m anagement device 36 refers to the above-described -"^^ 
current worker information file. Fig. 6 shows a porUon of the recovermg 
work Ust at a certain time of day. The recovering work hst includes 
information related to work IDs; work-object codes; urgency degrees, 
occurrence times; standard needed times; replacement-component codes, 
" sponsible workers; and simultaneous works. The "work-object codes , used 
n the recovering work list, are defined in a substantially same manner as 
he manner in which the work-object codes, used in the above-descnbed 
supplying work list, are defined. For example, regarding a work-object code^ 
r XY 4N3 "C - XY" is defined as described above; and "4N3" is defined 
t "indicate a s'uction nozzle attached to a suction-nozzle attachment^.., 
No 3, of a plurahty of suction-nozzle attachment positions proved m a 
mounting module, No. 4, of a p.urality of mounting mo ufos emp foy d b 
each general-purpose component mounting machme 10XY. Work object 
"formation as information identifying an object of a recovermg work, such 
"above-described suction nozzle, includes a work-object code and a 
"p „t-component coda, such as a nozzle code identdymg the 
Ibol; described suction nozzle. The "occurrence times" are respectrve tunes 
when recovering works have occurred, and are a sort of assignment state of 
TaT worker. The respective "urgent degrees" of recovering works are 
detmmed by the machine management device 32 in the foUowmg manne, 
/example, an urgent degree of a recovering work 

failure „f a substrate-related-operation performing machme 10 that results 
n a halt of the device 10 is determined as "H (high)". In addition, m the case 
whe- a suction nozzle has failed, if a rate at which component suckmg o 
mounting errors ccur is higher than a reference -J-^"^ 
degree of a nozzle replacing work is determined as "H (lugh) , and if the rate 
t not higher than the reference value, then the urgent degree is determined 
as -L (low)" Even if a certain suction nozzle may fail, another suction 
may be -id in place of the former nozzle. In this case, the former nozzle 
Teed not be so quickly replaced with a new suction nozzle^ The 
"simultaneous works" are information indicating an assisting work that is 
a recovering work is to be carried out on a substrate-related.peration 

, . m tn hP carried out on the same device 10 
nerforming machine 10, to De carrieu uui. 

multaneously with the recovering work. In this case, the colmn of 
"simultaneous work" corresponding to the recovering work ,s indicated by 
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work ID of the assisting work. A simultaneous work is an assisting work 
that is desired to be carried out simultaneously with a recovering work. For 
example if a certain assisting work requires stopping of a 
substrate-related-operation performing machine 10 on which a recovering 
work is to be carried out, the recovering work is so determined as to be 
carried out simultaneously with the assisting work. More specifically 
described, if a time of occurrence of a nozzle replacing work for a punting 
module of a certain general-purpose component mounting machine 10XY 
and a time when a feeder replacing work XY for the same mounting module 
is to be carried out are near to each other, a time when the nozzle replacing 
work is to be carried out is changed to be simultaneous with the time when 
the feeder replacing work XY is to be carried out, so that the two assisting 
works may be simultaneously carried out by different workers, respectively 
In this manner, a time duration in which the general-purpose component 
mounting machine 10XY is stopped can be reduced as compared with a 
manner in which the two assisting works are carried out at different times 
Thus, a recovering work accompanied by a simultaneous work is carried out 
when the simultaneous work is carried out. 
[0054] 5. Assignment of Assisting Works 

5 1 Assisting- Work Management Program 

The assisting-work management device 36 or the computer 
thereof implements an assisting-work management program so as to 
manage assisting works. The above-described supplying work list and 
recovering work fist are updated according to an assisting-work-occurrence- 
information obtaining routine, not shown, as a portion of the assisting-work 
management program. Fig. 7 shows a flow chart representing the 
assisting-work management program. Hereinafter, there will be described 
an assisting-work assigning operation by reference to the flow chart of Fig. 7. 
The assisting-work management program is repeatedly implemented m a 

[0055] time First, at Step Sll, the computer refers to the above-described 
recovering work list and judges whether there are any recovering works for 
each of which a responsible worker has not been determined. If all he 
substrate-related-operation performing machines 10 are normal, the 
recovering work list has no recovering works recorded therein and 
accordingly a negative judgment («N») is made at Step Sll. On the other 
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hand, if a positive judgment ("Y") is made at Step Sll, the control of the 
computer proceeds with Step S12 to assign the recovering work or works to 
an appropriate worker or workers Wl through W5 in a manner, described 
later. Since a degree of importance of any recovering work is higher than 
that of any supplying work, the assisting-work management program is 
designed to give a higher priority to the assignment of any recovering work 
than to the assignment of any supplying work. 

[0056] Then, at Steps S13 through S16, the computer assigns a 

supplying work. The assignment of supplying work includes a temporary 
supplying-work assignment routine (Step S15) in which one or more 
candidates for a responsible worker who carries out the supplying work are 
selected from the workers Wl through W5, and information related to the 
supplying work is sent to the selected candidates; and a supplying-work 
assignment confirmation routine (Step S16) in which each of the candidates 
who have received the information inputs, as worker intention information, 
his or her intention about whether he or she will carry out the supplying 
work, into his or her portable terminal device 42, and the computer 
conforms, based on the received sets of worker intention information, the 
assignment of the supplying work. Each of the routines of Steps S15 and 
S16 is implemented under a pre-set condition. 

[0057] Steps S13 through S16 will be described in detail below, 

under the following assumptions: First, it is assumed that the supplying 
work list, shown in Fig. 5, shows that at the time of 14:00:00, respective 
responsible workers for respective supplying works having respective work 
IDs Nl through N6, have been determined (hereinafter, the supplying work 
having Nl as its work ID will be simply referred to as the "work Nl", and 
this applies to the other supplying works). In addition, though, e.g., a 
material shortage time shown in the supplying work list may be changed 
upon reception of a new set of material shortage information, here it is 
assumed that no portions of the supplying work list are changed in that 
event for easier understanding purposes only, and it is additionally assumed 
that no recovering works occur. Moreover, though in the supplying work hst, 
the "respective responsible workers" and the "respective near continuous 
works" for the works N7 through N15 are indicated by respective 
parenthesized data, those data have not been recorded at the current time of 
14:00:00. If no material shortage times are changed, no recovering works 
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occur, and supplying works are carried out smoothly, then the parenthesized 
responsible workers and near continuous works are actuaUy determined as 
time elapses. Fig. 8 shows a graph representing the supplying work list 
shown in Fig. 5. In the graph, priority-order times are represented by data 
recommended arrival times are represented by data "O"; and material 
shortage times are represented by data «0», and a priority-order tune □ . 
recommended arrival time -O" and a material shortage tune O 
corresponding to each supplying work are connected to each other by double 
lines. However, the double lines do not mean that the responsible worker for 
the each supplying work is engaged in the supplying work throughout a 
time duration corresponding to the double lines, or that the worker .not 
engaged in the supplying work at any times other than that tune duration. 
Here, it is assumed that basically, the responsible worker is engaged m the 
each supplying work from the recommended arrival time to a scheduled 
finishing time (described later) of the supplying work. However, m the case 
where the supplying work needs taking a new material (e.g., the feede 
replacing work that is not determined as the dependent work) and/or 
changing the areas A, B, C, it is assumed that the responsible worker as 
engaged in the supplying work from a time obtained by subtracting, from 
the recommended arrival time, the respective times needed to take the new 
material and move between the two areas. The scheduled finishing : tune of 
each supplying work is a time when the each supplying work is predicted to 
be finished, and is obtained by adding, to the recommended arrival time, a 
standard needed time for the each supplying work. 

[0058] On the above-described assumptions, Steps S13 through S16 

will be described in detail. At Step S13, the computer judges whether there 
are any temporarily assigned works, i.e., any supplying works that have 
been temporarily assigned. More specificaUy described, the computer checks 
the current worker information file (Fig. 4) so as to judge whether a work ID 
is recorded as the "temporarily assigned work" for any workers. If a work ID 
is recorded as the "temporarily assigned work" for any workers a positive 
judgment is made at Step SIS, and the control goes to Step S16 (described 
later); and if no work ID is recorded as the "temporarily assigned work for 
any workers, a negative judgment is made at Step S13 and the control goes 
to Step S14 to judge whether there are any pending works. The penduig 
works mean supplying works for which responsible workers have not been 
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determined and whose priority-order times fell within a pre-set rime 
duration (e g , 4 minutes) after the ourrent time. More specifically described, 
Z ^ computer selects, from the supplying works recorded in the supplying 
work list (Fig. 5), one or more pending works such that each of the pending 
works is a supplying work whose "responsible worker" has no worker N . 
(here, it is assumed that the parenthesized worker Nos., shown in Fig. 5, 
have not been recorded yet at the current time of 14:00:00), and whose 
"priority-order time" meets the above-described condition. Since the 
assisting works whose priority-order times fall within the pre set time 
duration after the current rime are selected as the pending works 
responsible workers for those assisting works can be determined at 
respective times based on the respective times when the assisting works are 
to be carried out. However, it is possible to determine a time when each 
assisting work is assigned, based on not its priority-order time but its 
recommended arrival time or its material shortage time^ In the present 
embodiment, since the time when each assisting work is -^f' 
determined based on its priority-order time, such an assisting work (e.g., the 
feeder replacing work XY that cannot be carried out unless the operation of 
the corresponding substrate-related-operation performing machine 10 is 
stopped after the material runs short) that has a low degree of freedom w th 
respect to the time when the work is carried out and needs stopping of the 
operation of the corresponding substrate-related-operation P-'™. 
machine 10 can be assigned at an early time. For example, the above 
bribed steps are implemented, as follows: At the time of 14:00:00 riiere is 
no temporarily assigned work and accordingly a negative judgment is made 
at Step S13, so that the control goes to Step S14. Since at the time of 
14:00:00, there is no pending work and accordingly a negative judgment is 
made at Step S14. Then, the present program is repeated and at the time of 
14 :00:30, the priority-order time of the work N7 fells within 4 minutes after 
the current time and the work N7 has no responsible worker determined 
therefor, i.e., it is a pending work. Therefore, a positive judgment is made at 
Step S14, and the control goes to Step S15. In the following description, 
toes indicated hy only minutes and seconds, such as OO'SO", are all times 
past 14:00:00. 

[0059] 5.2 Temporary Supplying-Work Assignment Routine 

Fig. 9 shows a flow chart representing the temporary 
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supplyingwork assignment routine at Step S15. First, at Step 881 the 
computer determines, as an objective work that is an assisting work to be 
assigned, a highest-priority work that is a supplying work to be assigned 
with the highest priority. For example, in the cnse where the supplying work 
list has only one pending work, the pending work is determined as the 
highest-priority work; and in the case where the supplying work Ust has a 
pluraUty of pending works, one of the pending works that has he earnest 
priority-order time is determined as the highest-priority work. In the case 
where the supplying work list has a pluraUty of pending works whose 
priority-order times are equal to each other, one of the pending works hat 
has the earliest recommended arrival time or the earliest material shortage 
time is determined as the highest-priority work. In the case where the 
supplying work list has a pluraUty of pending works whose pnonty-order 
times are equal to each other, whose recommended arrival tunes are equal 
to each other, and whose material shortage times are equal to each other, 
one of the pending works that has the smallest work ID is de— he 
highest-priority work. For example, at the current time of 00 30 , the 
supplying work list has only one pending work, i.e., the work N 7 i.e., the 
solder supplying work. Therefore, the work N7 is determined as the 
highest-priority work. At Steps S32 and S33, the computer d*™»a 
near continuous work for only the highest-priori* work which is otter than 
the syringe replacing work and whose needed skiU level is L . More 
specifically described, the computer refers to the supplying work Irs _wift 
respect to the "work name" and the "needed skill level of the 
highest-priority work (i.e., the work N7), and makes a judgment at Step S32. 
Since in the present embodiment, the supplying works whose needed skul 
levels' are «H" are carried out at a considerably low frequency and 
accordingly are unlikely to be near continuous works, those works are 
Txlded In addition, since it is preferred that one of the "-continuous 
works that is *> be carried out first of all be a supplying work that needs to 
take a new material such as a reel, the syringe replacing work is not 
determined as the first one of the near continuous works. Since the needed 
skill level" of the work N7 is "H», no near continuous works are not 
determined for the work. Therefore, in this example, only the work N7 as 
the highest-priority work is determined as the objective work. 
10060] At Step S34, the computer selects, based on the pre-set 
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worker information and the current worker information, one or more 
candidates for the objective work. First, regarding the selection based on the 
pre-set worker information, the computer refers to the pre-set worker 
information file (Fig. 3) with respect to the respective "responsibly 
sections" and the respective "worker skill levels" of all the workers Wl 
through W5, and selects, as one or more first candidates, one or more 
workers the responsibility section of each of which covers the highest- 
priority work, and then selects, as one or more second candidates, one or 
more selected first workers the worker skill level of each of which is equal to 
the needed skill level of the highest-priority work. Subsequently, the 
computer selects, as one or more third candidates, one or more selected 
second candidates, based on respective assignment states thereof each as a 
sort of the current worker information. More specifically described, the 
computer refers to the current worker information (Fig. 4) with respect to 
the respective "scheduled finishing times of assigned works" corresponding 
to the second candidates and, in short, the computer selects, as one or more 
third candidates, one or more second candidates the scheduled finishing 
time of each of which is prior to the time when the highest-priority work is 
to be carried out. Then, the computer selects, as one or more proper 
candidates, one or more selected third candidates, based on respective 
position information thereof as another sort of the current worker 
information. More specifically described, the computer refers to the current 
worker information with respect to the respective "work finishing positions 
of the third candidates and, in short, the computer selects, as one or more 
proper candidates, one or more third candidates the work finishing position 
of each of which is sufficiently near to the position where the highest- 
priority work is to be carried out. More specifically described, the computer 
selects, as one or more proper candidates, one or more third candidates the 
work finishing position of each of which belongs to the same area as the area 
to which the position where the highest-priority work is to be carried out 
belongs If there is no third candidate that meets the above-described 
conditions, then the computer selects, as one or more proper candidates one 
or more third candidates the work finishing position of each of which 
belongs to an area adjacent to the area to which the position where the 
highest-priority work is to be carried out belongs. If there is no third 
candidate that meets the latter condition, then the computer selects, as one 
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or more proper candidates, one or more third candidates the work finishing 
position of each of which belongs to an area that is adjacent to the area 
adjacent to the area to which the position where the highest-priority work is 
to be carried out belongs. 

[0061] One or more proper candidates for the work N7 are selected 

in the following manner: First, from the objective work code (B - PR - CH) 
of the work N7, the computer judges that the work N7 is an assisting work 
related to the substrate-related-operation performing group 12B, and selects, 
as the first candidates, the workers Wl through W5 the "responsibility 
section" of each of whom is indicated by "A, B, C including the area B in the 
pre-set worker information file (Fig. 4) (though only the workers Wl 
through W5 are shown in Fig. 3, the present substrate-related-operation 
performing system is operated by not only the workers Wl through W5 but 
also other workers, and the assisting-work management device 36 manages 
assisting works assigned to those other workers). In addition, since the 
needed skill level of the work N7 is "H" (Fig. 2), the computer selects, as the 
second candidates, the workers Wl, W2 (Fig. 3) the "worker skill level" of 
each of whom is indicated by "H". Subsequently, the computer refers to the 
respective "scheduled finishing times of assigned works" corresponding to 
the second candidates. Since at the current time of 00'30", the workers Wl, 
W2 as the second candidates have no recordings in their respective 
"scheduled finishing times of assigned works", that is, have no assigned 
works, the computer judges that both the workers Wl, W2 can carry out the 
objective work, and accordingly determines the two workers Wl, W2 as the 
third candidates. Since, in the present embodiment, the skilled workers Wl, 
W2 are also responsible for, e.g., the maintenance works, only the material 
supplying works that are carried out at a low frequency and with a high 
degree of difficulty, and the recovering works are assigned to the skilled 
workers Wl, W2, so that a less amount of work may be assigned to the 
skilled workers Wl, W2 than the amount of work assigned to the ordinary 
workers W3 through W5. A manner in which the computer operates in the 
case where at least one of the workers Wl, W2 has an assigned work, will be 
described in connection with an assignment of the work N8, described later. 
From the "work-object code" of the work N7, the computer recognizes that 
the position where the work is carried out is the area B. However, the 
respective "work finishing positions" of the workers Wl, W2 as the third 
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candidates are the area A and the area C, respecUvely .that « no tlnrd 
candidate is present in the area B. Therefore, the computer selects as the 
proper candidates, the two workers Wl, W2 the work fimshmg posftion of 
each of which is adjacent to the area B. At Step S35, the computer updates 
h current worker information, such that the work ID W is recorded m 
the respective "temporarily assigned works" of the two workers Wl W2_ 
Then at Step S36, the computer informs each selected proper cand,date of 
the pending work for which a responsible worker has not been deternnned 
vet More specifically described, the computer sends informat,on mcludmg a 
"portion of the supplying work list that is related te the highest pnonty work, 
to the respective portable terminal devices 42 of the two workers Wl, W2 
each via the wireless communication device 40. 
10062) 5.3 Operation of Portable Terminal Device 

Hereinafter, there will be described an operation of the 
portable terminal device 42 by each worker Wl, W2 who is f>™°*<** 
pending work for which a responsible worker has not been determmed yet 
The portable terminal device 42 that has received the informatmn ind.catmg 
the pending work displays, on a display screen 60 thereof an .mage 
representing the received information, and informs, in an audmle manner 
the each worker of the fact that the terminal device 42 has receded the 
information. Fig. 10 shows the display screen 60 of the portable termma 
device 42 carried by each worker Wl, W2. More specially desmbed, the 
display screen 60 includes a work display portion 62 that delays the 
^formation indicating the pending work, i.e., the work-object code work 
name, recommended arrival time, and material shortage tune of the pendrng 
work In the case where one or more near continuous works have been 
determined, the one or more continuous works, i.e one or more supping 
works are indicated as the second and third items (2. - and 3 ->. However, 
since regarding the example shown in Fig. 10 no near contmu ous work 
have been determined, the second and third items are blank. Each of ^the 
workers Wl, W2 sees the recommended arrival time and matenal shortage 
time of the pending work, and judges whether he or she can carry out the 
work If the each worker can carry out the work, then he or she taps a pad 
«YES ; 64 with his or her finger or a pen; and if not, he or she taps a pad 
"NO" 66 in the same manner. Since both the two worke » ~ 
assigned works at that time duration, they may tap the pad TES 64. If so, 
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each of the two portable terminal devices 42 sends, to the ass,st,ng-work 
management device 36 via the wireless communication dev.ce 40 connected 
to the LAN 30, a set of worker intention information uidicating that fte 
^Iponlg worker intends te carry out the work — 
intention information includes the worker No., the work ID, andthe worker 
intension about whether the worker can carry out the work (YES or NO). 
Meanwhile, if each worker taps a pad "Schedule" 68 located in a lower 
£L of *e display screen 60, then the screen 60 displays information 
representing one or more assisting works that have been assigned to the 
^worker so that the each worker can see the assigned work or works. 
[00631 5 4 Supplying-Work Assignment Confirmation Routine 
[00631 ppy supply . ng . work confirmation routine 

imp ,emented at Step S16 will be described. If at Step S13 the ^mputer 
recognizes that the current worker information file has one or more work 
^recorded in the column of "temporarily assigned work", the computer 
judges that one or more temporarily assigned works are present, i.e., mates 
a positive judgment. For example, regarding the above-described 
assist . .h work NT, the workers Wl, W2 are selected as the proper 
nldates, and each have the work ID, i.e„ ST recorded in the c^lumu £ 
"temporarily assigned work". Therefore, a positive judgment is made at Step 
sTaTthe control goes to Step S16. Fig. 11 shows the supplying-work 
L^tnt confirmaUon routine implemented at Step S16^ First, at Step 
S4 L computer judges whether the computer has received 
sets of worker intention information from all the proper candidates. More 
Really described, the computer checks whether all the 
h P aV e th e work ID in the column of ^mporardy assigned „he 
current worker information file have Y or N in tne coiun 
nltion". If at least one of the respective columns of "^—^ 
the workers Wl, W2 is blank, a negative judgment is made at Step S41 and 
the control goes to Step S42 to judge whether a waiting time, tw, (i.e., 20 

condThas elapsed since the temporary assignment of 
work If a negative judgment is made at Step S42, Step S43 and he 
Touting steps g are skipped, and the current control cycle according to he 
present supplying-work assignment confirmatmn routine is ended On the 
o h" hand if a positive judgment is made at Step S42, the control goes to 
Step S43. Thus, if the computer has obtained the respective sets of worker 
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intention information from all the proper candidates, or if the waiting time 
tw has elapsed since the temporary assignment of the highest-priority work, 
then the computer makes a judgment at Step S43. 

[0064] At Step S43, the computer judges whether the current work 

information file has at least one data «Y" recorded in the respective columns 
of "worker intention" of the proper candidates. If a positive judgment is 
made at Step S43, the control goes to Step S44. Here, it is assumed that the 
current work information file has the data «Y» recorded in each of the 
respective columns of "worker intention" of the two workers Wl W2. That is, 
it is assumed that in the above-described manner, both the workers Wl, W2 
have inputted, into their portable terminal devices 42, respective intentions 
that they can carry out the highest-degree work. Meanwhile, if the workers 
Wl W2 input, into their portable terminal devices 42, their intentions to 
carry out the work, then the computer updates, at Step S18 described later, 
the corresponding columns of "worker intention" in the current worker 
information file, i.e., record the data "Y" in each of the corresponding 
columns of "worker intention", as shown in Fig. 4. 

[0065] At Step S44, the computer determines, based on the sets ot 

worker intention information and the current worker information, a 
responsible worker who carries out the objective work. If there are a 
plurality of proper candidates having the data «Y" in the corresponding 
columns of "worker intention", the computer selects, as the responsible 
worker, one of those proper candidates who has the shortest time of the 
respective total times recorded in the respective columns of "total time of 
actual works (a sort of work amount)" of the current worker information file. 
For example, regarding the assignment of the work N7, the worker Wl has 
the shorter total time than that of the worker W2, and accordingly the 
worker Wl is selected as the responsible worker. In a special case where 
respective total times of a plurality of proper candidates are equal to each 
other, one of the proper candidates who has the earliest time of the 
respective finishing times recorded in their columns of "finishing time of 
previous work" (i.e., who has the longest time of the respective waiting 
times of the proper candidates), is selected as the responsible worker; and if 
the respective finishing times of the proper candidates are equal to each 
other, one of the proper candidates who has the smallest worker No. is 
selected as the responsible worker. 
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[0066] Step S44 is followed by Step S45 to update the supplying 

work list such that the worker No. (e.g., Wl regarding the assignment of the 
work N7) of the responsible worker is recorded in the column of "responsible 
worker" of the objective work (e.g., N7). Then, at Step S46, the computer 
updates the current worker information file, such that the work ID (e.g., N7) 
of the objective work is recorded in the column of "assigned work" of the 
responsible worker (e.g., Wl), and the respective work IDs (e.g., NT) 
recorded in the respective columns of "temporarily assigned work of the 
proper candidates (e.g., Wl, W2) and the respective data "Y" or "N" (e.g., 
«Y») recorded in the respective columns of "worker intention" of the proper 
candidates are deleted. In addition, the computer updates the current 
worker information file, such that a scheduled starting time of the earliest 
one of a plurality of assigned works is recorded in the column of "scheduled 
starting time of assigned work" of the responsible worker (e.g., Wl), a 
scheduled finishing time of the latest one of the assigned works is recorded 
in the column of "scheduled starting time of assigned work' of the 
responsible worker; and an area to which the latest one of the assigned 
works belongs is recorded in the column of "work finishing position of the 
responsible worker. For example, regarding the assignment of the work NY, 
only the work N7 has been assigned to the worker Wl at the current time. 
Therefore, the work N7 is the earliest work and the latest work. Thus, the 
scheduled starting time (14:04:30), the scheduled finishing time (14:07:30), 
and the area (area B) to which the work N7 belongs are recorded in the 
column of "scheduled starting time of assigned work", the column of 
"scheduled starting time of assigned work", and the column of "work 
finishing position" of the worker Wl, respectively, as shown in Fig. 12. Here, 
a method of calculating a scheduled starting time, and a scheduled finishing 
time, of a supplying work is described. Basically, a scheduled starting time 
of a supplying work is equal to a recommended arrival time of the supplying 
work However, in the case where a supplying work needs taking a new 
material and is not the above-described dependent work, a scheduled 
starting time of the supplying work is equal to a time obtained by 
subtracting, from a recommended arrival time of the supplying work, a 
material taking time, i.e., a time needed to take the new material. Thus, the 
recommended arrival time, 04*30", of the work N7 is determined as the 
scheduled starting time of the same N7. A scheduled finishing time of a 
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supplying work is equal to a time obtained by adding a standard needed 
time of the supplying work to a recommended arrival time of the same. Thus, 
the recommended arrival time (04'30") of the work N7, i.e., the solder 
supplying work, plus the standard needed time (3 minutes) of the same N7 
is determined as the scheduled finishing time, 14:07:30, of the same N7. At 
Step S47, the computer informs the determined responsible worker of the 
fact that the objective work has been assigned to the worker. Though not 
shown, the display screen 62 of the portable terminal device 42 of the 
worker Wl displays the work-object code, recommended arrival time, 
material shortage time, and material code of the work N7, and informs, in 
an audible manner, the worker Wl of the fact that the supplying work has 
been assigned to the worker. 

[0067] If the computer does not receive any sets of worker intention 

information, or receives only a negative answer or answers ("N"), from a 
proper candidate or candidates, within the time duration tw, then a negative 
judgment is made at Step S43, and the control goes to Step S48. For 
example, there is a case where the column of "worker intension" of the 
worker Wl is blank, and the column of "worker intension" of the worker W2 
has the data "N". At Step S48, the computer operates for waiting, at Step 
S18, for receiving information newly inputted by the proper candidate or 
candidates who have not inputted their intentions, so that one or more 
proper candidates may be re-selected at Step S15, and additionally operates 
for re-selecting the proper candidates such that the re-selected proper 
candidates do not coincide with the initially selected proper candidates. The 
former operation is performed by deleting the temporarily assigned works 
from the current worker information. In this case, since there are no 
temporarily assigned works, a negative judgment is made at Step S13, and 
the control goes to Steps S14 and S15. The latter operation is performed by 
assigning a 'dummy' work to the initial proper candidates in the current 
worker information file. That is, the respective "scheduled starting times of 
assigned works", and the respective "scheduled finishing times of assigned 
works", corresponding to the initial proper candidates are updated in the 
same manner as the manner in which the objective work is formally 
assigned to the responsible worker. Therefore, when one or more proper 
candidates are re-selected at Step S15, the computer recognizes that when 
the objective work is carried out, the initial proper candidates must be 
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carrying out other works. Thus, when one or more proper candidates are 
re-selected, a dummy work has been assigned to the initial proper 
candidates. Therefore, one or more workers who are located at respective 
positions remoter from the work place than the positions where the initial 
proper candidates are located, are re-selected as proper candidates. 
[0068] 5.5 Reception of Input Information 

Next, Steps S17 and S18, shown in Fig. 7, will be described. 
If the assisting-work management device 36 receives a set of worker input 
information, a positive judgment is made at Step S17, and the control goes 
to Step S18 where the computer updates, based on the received information, 
various sorts of information. When a worker inputs, into the corresponding 
portable terminal device 42, his or her intention to carry out a pending work 
the terminal device 42 sends, as a set of worker input information, a set of 
worker intention information to the assisting-work management device 36 
so that the management device 36 updates the corresponding column of 
"worker intention" in the current worker information, shown in Fig. 4. When 
a worker inputs, into a substrate -related-operation performing machine 10, 
information indicating that he or she has finished an assisting work on he 
machine 10, the machine 10 sends, as a set of worker input *» 
inputted information to the assisting-work management device 36, so that 
the management device 36 judges that the assisting work has been finished 
and updates the current worker information file, the -pplyxngwork h , 
and/or the recovering work list. For example, when the worker W5 inputs 
into the input device of the general-purpose component mounting machine 
10XY, information indicating that he or she has finished the work Nl i e., 
the reel replacing work, the assisting-work management device 36 updates 
the current worker information file, with respect to the worker W5, from the 
state shown in Fig. 4 to the state shown in Fig. 12 More specificaUy 
described, with respect to the worker W5, the work Nl is deleted tan*. 
column of "assigned work"; -waiting-is recorded in the column of working 
state"; the respective columns of "scheduled starting time of assigned wo k 
and "scheduled finishing time of assigned work" are updated by being 
calculated in the above-described manner; a time needed to carry out the 
work Nl is added to the current total time recorded in the column of total 
time of actual works"; and the finishing time of the work Nl is recorded in 
the column of "finishing time of previous work". In addition, the information 
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related to the work Nl is recorded in an assisting- work history, and is 
deleted from the supplying work list. Meanwhile, when a recovering work is 
finished, the current work information file and the recovering work list are 
updated in a similar manner. 
[0069] 5.6 Assignment of Work N8 

While the foregoing description relates to the assignment of 
the work N7, i.e., an assisting work whose needed skill level is "H", the 
foUowing description relates to an assignment of a work N8, i.e., an 
assisting work whose needed skill level is "L". The following description is 
focused on Step S33 that is skipped in the foregoing description, i.e., a 
determination of one or more near-position continuous works, and Step S34 
where one or more proper candidates are selected in the case where at least 
one work ID is recorded in the columns of "assigned work" of the current 
worker information. When the current time becomes equal to 14:01:40 after 
the assignment of the work N7, the temporary supplying-work assignment 
routine is started, and the work N8 is determined as the highest-priority 
work (at Step S31 of Fig. 9). 

[0070] Since the needed skill level of the work N8 is "L" and the 

work N8 is not the syringe replacing work, a positive judgment is made at 
Step S32 and the control goes to Step S33 where the computer determines 
one or more near-position continuous works (hereinafter, simply referred to 
as the "near continuous work(s)", where appropriate). At Step S33, the 
computer regards the highest-priority work as a first near continuous work, 
and searches for a second near continuous work to be carried out foUowing 
the first near continuous work, and a third near continuous work to be 
carried out following the second near continuous work. In the present 
embodiment, the computer selects, as those near continuous works, 
supplying works that belong to the same area as the area to which the 
highest-priority work (the work N8) belongs, that each have the needed skill 
level "L", and that can be continuously carried out by one worker. More 
specifically described, the second and third near continuous works are 
selected from the supplying works that are to be carried out in the same 
area as the area to which the highest-priority work belongs and that each 
need the skill level "L", in the following manner: First, the computer selects, 
as the second near continuous work, a supplying work whose recommended 
arrival time falls within a pre-set time duration following the scheduled 
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finishing time of the highest-priority work. If there are a plurality of 
supplying works whose recommended arrival times fall within the pre-set 
time duration, then the computer selects, as the second near continuous 
work, one of the supplying works that has the earliest recommended arrival 
time. The reason why the pre-set time duration following the scheduled 
finishing time of the highest-priority work is used to select the second near 
continuous work is to make not too long a work-free time interval between 
the end of one supplying work and the start of the next supplying work. If 
the second near continuous work is selected, then the computer selects, as 
the third near continuous work, a supplying work whose recommended 
arrival time falls within a pre-set time duration following the scheduled 
finishing time of the second near continuous work. If there are a plurality of 
supplying works whose recommended arrival times fall within the pre-set 
time duration, then the computer selects the third near continuous work in 
the same manner as described above, i.e., one of the supplying works that 
has the earliest recommended arrival time. Basically, the total number of 
the near continuous works determined by the computer is not limited. 
However, in the present embodiment, at most three near continuous works 
are determined. If a plurality of near continuous works are determined, 
then those near continuous works are assigned, as objective works, to one 
worker. Hereinafter, the second and third near continuous works will be 
referred to as the "dependent works", where appropriate. 
[0071] Next, there will be described how Step S33 is implemented in 

assigning the work N8. The work N8 is the feeder replacing work (C - XY - 
213), and the scheduled finishing time of the work N8 is 14:06:40 obtained 
by adding a standard needed time (1 minute) to the recommended arrival 
time (14:05.40) thereof. The computer judges that any supplying work 
whose recommended arrival time falls within the pre-set time duration (e.g., 
2 minutes) from the time 06'40", which belongs to the area C, and whose 
needed skill level is "L" can be carried out. Since the work N12, i.e., the 
feeder replacing work RO (C- RO - 205) has the recommended arrival time, 
0T40", and belongs to the area C, the work N12 is selected as the second 
near continuous work. Subsequently, the computer selects the third near 
continuous work from one or more supplying works that belong to the same 
area as the area C to which the work N8, i.e., the second near continuous 
work belongs, and whose needed skill level is «L". More specifically 
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described, the computer determines the scheduled finishing time (730 ) of 
the work N8, and searches for one or more supplying works whose 
recommended arrival times fall within the pre-set time following the 
scheduled finishing time. Regarding the present example, however, the 
computer cannot find any candidates for the third near continuous work. 
Therefore, the computer determines the work N8 and the work N12 as the 
near continuous works, and updates the supplying work list such that data 
"1" and data "N8" are recorded in the respective columns of "near continuous 
work" of the work N8 and the work N12. The data "1" indicates the number 
of the near continuous work(s) to be carried out following the work N8; and 
the data «N8" indicates the work ID of the highest-priority work. Since the 
works N8 N12 as the near continuous works are assigned, as the objective 
works, to'one worker, a total amount of movement of that worker can be 
reduced. In addition, when the worker moves to a corresponding one of the 
electronic-component storage places 46, the worker can take or obtain both a 
new feeder needed by the work N8 to replace the current feeder of the 
general-purpose component mounting machine 10XY, and a new feeder 
needed by the work N12 to replace the current feeder of the high-speed 
component mounting machine 10RO. Therefore, the worker need not do two 
reciprocations, i.e., needs to do just one reciprocation. That is, since a 
plurality of assisting works out of a great number of assisting works can be 
carried out at once by one worker, a sum of respective burdens applied to the 
workers can be reduced as a whole. 

[0072] At Step S34, the computer selects, based on the pre-set 

worker information and the current worker information, a responsible 
worker to carry out the objective works. First, the computer selects, based 
on the respective responsibility sections of the workers Wl through W5 all 
the workers Wl through W5 as the first candidates. From the first 
candidates, the computer selects, as the second candidates, the workers W3 
through W5 whose worker skill levels are "L". Then, from the second 
candidates, the computer selects the third candidates, based on the 
respective "scheduled finishing times of assigned works" of the workers W3 
through W5. That is, the computer refers to the respective columns of 
"scheduled finishing time of assigned work" of the workers W3 through W5 
in the current worker information file, and selects, as one or more third 
candidates, one or more workers who can carry out the objective works. 



48 



More specifically described, the computer judges (a) that one or more 
workers who have no data recorded in the corresponding columns of 
"scheduled finishing time of assigned work" can carry out the objective 
works, like in the above-described assignment of the work N7. In addmon, 
(b) regarding one or more workers who have some data in the corresponding 
clmns of "scheduled finishing time of assigned work", the computer judges 
whether those workers can carry out the objective works whUe takmg mte 
recount respective movement times needed te move from the respective 
Ck finishing positions" thereof te the position where the ^hesfpnonty 
work is to be carried out. That is, if a time obtained by adding a movement 
time te a scheduled finishing time of assigned work of a worker is poor to 
he scheduled starting time of the highest-priority work, then the computer 
uoges that the worker can carry out the objective works. In the presen 
embodiment, a movement time is obtained as an among-area movement 
time that is needed by each worker te move among the three area A B C 
corresponding te the three substrate-related-operatmn ^^J™"** 
12A B C, respectively. An among-area movement tune with respec te a 
movement within each area is TO (0 second); an among-area movement time 
with respect to a movement between two areas A B, B-C is Ta ^seconds). 
Id an among-area movement time with respect te a movement between 
two areas A-C is Tb (30 seconds). 

[00731 Regarding the assignment of the work N8, the computer 

judges, at Step S34, whether each of the workers W3 through W5 can carry 
out the objective works. Since the work finishing position of the workerWS 
is the area A (Fig. 12), an among-area movement time needed to move from 
I IT! t the area C where the work N8 <C - XY - 213) is to be earned 
Lt is 30 seconds. Since a time, 04-00", obtained by adding the amonrarea 
movement time (30 seconds) to the scheduled fimslnng tune (03 30 of 
Tsslgned work of the worker W3 is prior to the scheduled startmg tune 
of the work N8, the computer judges that the worker W3 can carry 
out the work N8. Likewise, regarding the workers W4, W5, the computer 
obtains a time, 02'55", by adding the among-area movement time (15 
lends) to the scheduled finishing time of assigned work of the worker W4 
and obtains a time, 0340", by adding the among-area movement tune (15 
seconds) te the scheduled finishing time of assigned work of the worker W£ 
Therefore, the computer judges that the workers W4, W5 can carry out the 
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work N8. Consequently the computer selects the workers W3 through W5 as 
the third candidates. Finally, the computer selects one or more proper 
candidates based on the position information. More specifics!* described 
the computer selects, as a proper candidate, the worker W^who - .present 
in the same area C as the area C where the work N8 (C - XY - 218) is to be 
carried out. However, in the case where there is no third candidate selected 
by the computer, the computer selects, as a proper candidate, one of the 
second candidates who has the earliest one of respective times obtained by 
adding the respective among-area movement times (as a sort of movement 
time) of the second candidates to the respective scheduled finishing times of 
assigned works of the same. _.«__ 
(00741 Then, the computer updates the current worker information 

file such that "N8" as the work ID is recorded in the column of "temporary 
assigned work" of the worker W5 (at Step S35), and informs the worker W5 
of the works N8, N12 as pending works for which a responsible worker has 
not been determined yet (at Step S36). If the worker W5 inputs information 
indicating his or her intention to carry out the pending works the computer 
records the data V in the column of "worker intention" of the worker W5 
(at Step S18), and additionaUy records the data «W5» in each of the 
espect'e columns of "responsible worker" of the works N8 N12 » the 
supplying work list. That is, the current worker information file is updated 
and the works N8, N12 are additionally recorded in the column of assigned 
work" of the worker W5. In addition, regarding the worker W5 the cohimn 
of "scheduled starting time of assigned work", the column of scheduled 
finishing time of assigned work", and the column of "work finishing position 
are updated to "14:04:40", "14:07:30", and "C», respectively, and the date 
«N8» and the data V are deleted from the column of "temporarily assigned 
work" and the column of "worker intention", respectively (at Step S46). Then, 
the computer informs the worker W5 of the thus confirmed, assigned works 
N8 N12 (at Step S47). On the other hand, if the worker W5 inputs 
information indicating his or her intention not to carry out the pending 
works, then the control goes to Step S48 and then goes to 8-BBJ 
re-select one or more proper candidates to carry out the. works N8 N12. 
Consequently the computer selects the worker W4 as a proper candidate. 
[00751 Thus, regarding the assignment of each supplying work, the 

operation of selecting the proper candidatefe) is a portion of the operation of 
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determining the responsible worker. The assisting-work management dev.ce 
36 determines, at Steps S15 and S16, the responsible worker, ,asedon *e 
pre set worker information, the cnrrent worker informal on, and the 

pre sei f worker intention 

respective intensions of the workers U.e„ the sets 01 

information). 

[0076] 5.7 Assignment of Recovering Work 

The foregoing description of the assignment of each 
supplying work has been made on the assumption that no Bering works 
occur However, the Mowing description of an assignment of each 
recovering work win be made on an assumption that a recovering work had 
oTuIreTback in the past. Here, it is assumed that the supplying works 
o curt indicated in the supplying work list of Fig. 5. If the assisting-work 
m nagement device 36 receives a set of recovering work occurrence 
"formation and records a recovering work in the _ g work h st (a 
shown in Fig. 6), then a positive judgment is made at Step SIX (Fig. 7), and 
he control goes to Step 81*. U.. a recovering-work assignment ~ 
shown in Fig. 13. An assignment of a recovering work means that the 
e— g work recorded in the recovering work list is assigned as an 
ZZ work to a worker. First, at Step S61, the computer refers to an 
urgen y degree of the recovering work, recorded in the recovering work lis 
sTwnln fZ. 6. If the urgency degree is «L", a negative judgment is made a 
StTsei and the control goes to Step S62 to determine simultaneous works. 
More specifically described, at Step S62, the comparer searches for one o 
Ire supplying works whose recommended arrival times fell within a 
pre set tune duration following a time of occurrence of the recovering work, 
'which need stopping of the operation of the substrate related-operaton 
performing machine 10 as the object of the recovering work, and which can 
beliultaneously carried out by other workers than a -sponsible worker 
for the recovering work. For example, regarding the recovering work El, 
w 2 ob Tecl code of the work El is C - XY - 4N3, and one or more supplying 
lo ts hat can be carried out simultaneously with the work El are works 
That need stopping of the operation of the general-purpose component 
tZX marie 10XY of the snbstrate-related-operation ^forming 
group 12C (hereinafter, abbreviated to the "machine C - XYX More 
pecLally described, the computer searches, in the supplying work li t, for 
a supplying work whose recommended arrival rime is subsequent to 00 
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obtained by adding a margin time (e.g., 30 seconds), such as a movement 
time to the time (OO'IO'O of occurrence of the work El and falls within the 
pre-set time (e.g., 5 minutes) following the occurrence time, and which needs 
stopping of the operation of the machine C - XY. Consequently the computer 
determines, as a simultaneous work for the work El, the work N5 (C - XY - 
411) whose recommended arrival time is 02'40». In this case, a recovering 
work (e g., the work El) and a different assisting work (e.g., the work N5) 
are determined as a plurality of simultaneous works for each other. In the 
case where the computer searches and finds a plurality of supplying works 
each of which can qualify as a simultaneous work, one of those supplying 
works that has the earliest time to carry out is finally determined as a 
simultaneous work. On the other hand, in the case where the computer 
cannot find any supplying works that can qualify as a simultaneous work or 
works, no simultaneous work is determined. 

[0073] At Step S63, the computer determines, based on the pre-set 

worker information and the current worker information, a responsible 
worker to carry out the recovering work as the objective wort This 
determination are basically similar to the selection of proper candidate(s) 
for each supplying work and the determination of responsible worker for the 
each supplying work. However, this determination does not include 
obtaining any sets of worker intention information from any workers, bu 
includes determining a single responsible worker and informing the worker 
of the fact that the recovering work has been assigned to the worker. First, 
regarding the selection based on the pre-set worker information, the 
computer refers, like the case of the above-described temporary assignment 
of each supplying work, to the pre-set worker information file (Fig. 3) with 
respect to the respective columns of "responsibility section and the 
respective columns of "worker skill level" of all the workers Wl through W5. 
Consequently the computer selects, as one or more first candidates, one or 
more workers the responsibility section of each of whom covers the 
recovering work, and then selects, as one or more second candidates, one or 
more selected first workers the worker skill level of each of whom is equal to 
the needed skill level of the recovering work. Subsequently, the computer 
selects, as one or more third candidates, one or more selected second 
candidates, based on respective assignment states thereof each as a sort of 
the current worker information. More specifically described, the computer 
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computer determines a responsible worker based on the position 
information, the work-amount information, etc. More specifically described, 
a worker whose work finishing position is near to the work place, a worker 
whose total time of actual works is short, a worker whose finishing time of 
previous work is early, or a worker whose work ID is small is selected in the 
order of description, till only a single candidate is selected (in this 
connection, reference is made to the above -de scribed assignment of each 
supplying work). For example, regarding the assignment of the work El, the 
computer selects, as the first candidates, the workers Wl through W5 whose 
responsibility sections cover the area C. From the thus selected first 
candidates, the computer selects, as the second candidates, the workers Wl, 
W2 whose worker skill levels are "H" corresponding to the needed skill level 
"H" of the work El. From the thus selected second candidates, the computer 
refers to the respective assignment states of the workers Wl, W2, and 
selects, as the third candidates, both the workers Wl, W2 who have no 
assigned works, as shown in Fig. 4. Since there are the plurality of third 
candidates, the computer refers to the respective columns of "work finishing 
position" of the two workers, and determines, as a responsible worker for 
the work El as the objective work, the worker W2 who is nearer to the area 
C as the work place where the work El is to be carried out. 
[0078] At Step S64, the computer updates the current worker 

information file such that the work ID (El) of the recovering work is 
recorded in the column of "assigned work" of the responsible worker (W2), 
and the corresponding data are recorded in the columns of "scheduled 
starting time of assigned work", "scheduled finishing time of assigned work", 
and "work finishing position" of the same (Fig. 15). As described above, the 
"scheduled starting time of assigned work" means a scheduled starting time 
of the earliest one of the assigned works; and the "scheduled finishing time 
of assigned work" means a scheduled finishing time of the latest one of the 
assigned works. A method of calculating a scheduled starting time and a 
scheduled finishing time that are related to each recovering work will be 
described below. Case (a)- if a recovering work has a simultaneous work, a 
scheduled starting time of the recovering work is the same as a 
recommended arrival time of the simultaneous work. Case (b)- if a 
recovering work does not have a simultaneous work and it is the earliest one 
of the assigned works, a scheduled starting time of the recovering work is a 
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time obtained by adding the margin time (30 seconds) to the time of 
occurrence of the recovering work. Case (c)- if a recovering work does not 
have a simultaneous work and the assigned works includes a previous work 
to be carried out immediately before the recovering work, a scheduled 
starting time of the recovering work is a time obtained by adding an 
among-area movement time to the scheduled finishing time of the previous 
work. A scheduled finishing time of each recovering work is a time obtained 
by adding an appropriate standard needed time to the scheduled starting 
time of the work. For example, regarding the assignment of the work El, 
the work El has the work N5 as the simultaneous work. Therefore, a 
scheduled starting time of the work El is a recommended arrival time 
(02' 40") of the work N5>* and a scheduled finishing time of the work El is a 
time (03*40") obtained by adding an appropriate standard needed time to the 
recommended arrival time. A work finishing position of the work El is the 
area C where the work El is carried out. At Step S65, the computer updates 
the recovering work list such that the worker No. (W2) is recorded in the 
column of "responsible worker" of the objective work (El). Then, at Step S66, 
the computer informs the responsible worker (W2) of the work-object code (C 
- XY - 4N3) and work name ('nozzle replacing work') of the objective work 
(El), and the recommended arrival time of the simultaneous work. When 
the recovering work is finished and the operation of the 
substrate-related-operation performing machine 10(XY) is resumed, the 
computer records, in the assisting-work history, the information related to 
the recovering work (El), and deletes the information from the recovering 
work list. 

[0079] Next, there will be described a case where a recovering work 

whose urgency degree is "H". For example, it is assumed that after the 
above-described work El is assigned to the worker W2 and is carried out by 
the same W2, the operation of the high-speed component mounting machine 
10RO of the substrate -related-operation performing group 12C is stopped at 
14"04*20 because of a failure, i.e., an error of processing of image data. Then, 
the machine management device 32 sends a set of recovering work 
occurrence information to the assisting-work management device 36, so that 
the corresponding recovering work is recorded as a work E2 in the 
recovering work list (as shown in Fig. 14). Consequently the work E2 is 
determined as an objective work, and an assignment of the work E2 is 
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started. Since an urgency degree of the work E2 (C - RO - PC) is "H", a 
positive judgment is made at Step S61, and the control goes to Step S67. At 
Step S67, the computer informs a responsible worker for the 
substrate-related-operation performing machine 10 the operation of which 
has been stopped because of its failure, of a fact that the assignment of a 
supplying work to that machine 10 is canceled, and additionally updates the 
current worker information file and the supplying work list. At the time of 
04'20", the worker W5 has an assigned work N12 (C - RO - 205), as shown 
in Fig. 16, and accordingly the computer informs the worker W5 of a fact 
that the work N12 is canceled because of an abnormal stopping of the 
operation of the machine 10. In addition, the computer updates the current 
worker information file such that the work ID "N12" is deleted from the 
column of "assigned work" of the worker W5 and accordingly the column of 
"scheduled finishing time of assigned work", etc of the worker W5 is changed. 
In addition, the work ID "N12" is deleted from the supplying work list. 
[0080] At Step S63, the computer determines a responsible worker 

for the recovering work as the objective work, in the same manner as the 
above-described manner in which the work El is assigned. However, 
regarding the selection of third candidate(s) based on the assignment 
state(s) of the second candidate(s), if there is no worker who has no assigned 
work, or no worker who has such an assignment state that a time obtained 
by subtracting an among-area movement time from a scheduled starting 
time of assigned work is later than a time obtained by adding, to the time of 
occurrence of the recovering work, the margin time (30 seconds) and an 
appropriate standard needed time, then a responsible worker is determined 
in the following manner: In short, a worker who can readily carry out the 
recovering work is selected as the responsible worker. Case (a): If there is 
one or more workers whose working states are -waiting--, a worker having 
the latest time of respective times obtained by subtracting, from the 
respective scheduled starting times of assigned works of the workers, 
respective among-area movement times needed to move from the respective 
current positions to the work place is determined as the responsible worker. 
Case (b): If all the workers are --working-, a worker having the earliest 
time of respective times obtained by adding, to the respective scheduled 
finishing times of the respective current works of the workers, respective 
among-area movement times (i.e., respective times needed to move from the 
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respective areas to which the current works belong, to the area to which the 
recovering work belongs) is determined as the responsible worker. The 
assignment of the work E2 differs from the assignment of the work El, 
because the recovering work whose urgency degree is "H" should be carried 
out as soon as possible. Regarding the assignment of the work E2, both the 
workers Wl, W2 are -waiting-, as shown in Fig. 16, but the worker Wl has 
the assigned work "N7". Therefore, the worker W2 is determined as the 
responsible worker for the work E2 as the objective work. 
[0081] At Step S64, the work ID (E2) of the recovering work is 

added as an assigned work of the responsible worker (W2) in the current 
worker information file, though not shown, and the columns of "scheduled 
starting time of assigned work", "scheduled finishing time of assigned work", 
and "work finishing position" of the worker are updated to 14^04^50, 
14:09*50, and the area A, respectively. In addition, the worker No. (W2) is 
recorded in the column of "responsible worker" of the objective work (E2) in 
the recovering work list, and then the responsible worker (W2) is informed 
of the work-object code (C - RO - PC) and the work name (--image- 
recognition-condition adjustment-) of the objective work (W2), at Steps S65 
and S66. 

[0082] 6. Block Diagram of Various Functions of Assisting- Work 
Management Device 

Fig. 17 shows various functional portions of the assisting- 
work management device 36 that cannot be structurally discriminated from 
each other. However, those functional portions include respective portions of 
the assisting-work management device 36 that can carry out respective 
contributory operations. The assisting-work management device 36 includes 
a communication portion 100, an assisting-work information obtaining 
portion 110, an assisting-work information storing portion 112, a current 
worker information obtaining portion 120, a worker information storing 
portion 130, a responsible worker determining portion 140, and an 
assigned-work informing portion 180. The communication portion 100 sends 
and receives various sorts of information to and from the portable terminal 
devices 42 and the machine management device 32 via the LAN 30. The 
assisting-work information obtaining portion 110 obtains, from the machine 
management device 32, the sets of supplying-work occurrence information 
and the sets of recovering-work occurrence information, and stores, in the 
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assisting-work information storing portion 112, the obtained sets of 
supplying-work occurrence information as the supplying work list, and 
additionally stores the obtained sets of recovering-work occurrence 
information as the recovering work list, or updates the supplying work list 
and the recovering work list each stored by the assisting-work information 
storing portion 112. The assisting-work information storing portion 112 
includes a portion of the memory device of the assisting-work management 
device 36. The current worker information obtaining portion 120 updates, at 
Steps S18, S35, S46, and S64, the current worker information file based on 
the sets of worker input information, the current worker information file, 
the supplying work list, and the recovering work list. The worker 
information storing portion 130 includes a portion of the memory device of 
the assisting-work management device 36, and stores the pre-set worker 
information as the worker master file, and additionally stores the current 
worker information as the current worker information file. The current 
worker information file is updated by the above -described current worker 
information obtaining portion 120. 

[0083] The responsible worker determining portion 140 includes a 

pre-set-worker-information-dependent determining portion 142, a 
current-worker-information-dependent determining portion 144, a 
worker-intention-dependent determining portion 146, a related-work 
determining portion 148, and a simultaneous-work determining portion 150. 
The pre-set-worker-information-dependent determining portion 142 selects, 
at Steps S34, S44, and S63, the candidates to carry out the objective work, 
and determines the responsible worker based on the respective 
responsibility sections and respective worker skill levels of the candidates 
(the step of selecting the candidates is a portion of the step of determining 
the responsible worker). The current-worker-information-dependent 
determining portion 144 selects, at Steps S33, S44, and S63, the candidates 
to carry out the objective work, and determines the responsible worker 
based on the respective working states of the workers (S63), the respective 
assignment states and respective positions of the workers (S34, S63), or the 
respective work amounts of the candidates (S44, S63). The worker- 
intention-dependent determining portion 146 includes a candidate selecting 
portion 160, a pending-work informing portion 162, and a worker intention 
information obtaining portion 164, and determines, at Step S44, the 
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responsible worker based on the sets of worker intention information. The 
candidate selecting portion 160 selects, at Step S34, the candidates to carry 
out the objective work, based on the pre-set worker information and the 
current worker information. The worker intention information obtaining 
portion 164 obtains, at Step S18, the sets of worker intention information 
and updates the corresponding columns of "worker intention" in the current 
worker information file. The related-work determining portion 148 
determines, at Step S33, a plurality of near-position continuous works, and 
deals with, at Steps S34 and S44, the plurality of near-position continuous 
works as a plurality of objective works and determines the responsible 
worker to carry out the objective works. The simultaneous-work 
determining portion 150 determines, at Step S62, the simultaneous work to 
be carried out simultaneously with the objective work, and determines, at 
Step S63, the responsible worker to carry out the objective work. The 
assigned-work informing portion 180 informs, at Steps S47 and S66, the 
responsible worker of the objective work assigned to the worker. 
[0084] 7. Other Embodiments 

In the above-described embodiment, the assisting-work 
management device 36 can concurrently obtain a plurality of sets of 
information related to a plurality of assisting works, respectively. However, 
the assisting-work management device 36 may be modified to be able to 
obtain, at once, one set of information related to one assisting work. For 
example, the assisting-work management device 36 may be one that 
determines, each time it receives one set of assisting-work-related 
information from the substrate related-operation performing machines 10 or 
the machine management device 32, a responsible worker to carry out the 
assisting work. The assisting-work management device 36 can receive a set 
of assisting-work occurrence information from an arbitrary one of the 
substrate-related-operation performing machines 10, for example, if the 
machine 10 is adapted to send, at a time when an amount of consumption of 
components of any sort used therein is increased up to a pre-set amount, or 
a remaining amount of the components is decreased down to a pre-set 
amount, or at a time prior by a pre-set time to an estimated time when the 
components will run short, information indicating that situation. In addition, 
the assisting-work management device 36 can receive a set of assisting-work 
occurrence information from the machine management device 32, for 
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example, if the latter device 32 is adapted to send the set of information 
when being commanded by the former device 36 to send the set of 
information. 

[0085] In the above-described embodiment, the assisting-work 

management device 36 manages the supplying works and the recovering 
works. However, the assisting-work management device 36 may be modified 
to manage at least one sort of works pr-selected from supplying works, 
recovering works, maintenance works, and resetting works. In the 
above-described embodiment, the assignment of each supplying work 
involves the temporary assignment thereof, whereas the assignment of each 
recovering work does not involve a temporary assignment thereof. However, 
it is possible to assign each of the above-indicated two sorts of works with, 
or without, the temporary assignment thereof. In the above -described 
embodiment, the assisting works whose needed skill levels are "L" are not 
assigned to any skilled workers whose worker skill levels are "H". However, 
the assisting-work management device 36 may be modified to assign those 
assigning works to those skilled workers, depending upon the burden of the 
maintenance works carried out by the skilled workers, and/or the proportion 
of the total number of the skilled workers relative to that of the ordinary 
workers. In the above-described embodiment, the position of each worker is 
or recognized in terms of the three areas A, B, C. However, each of the areas 
may be narrowed, and accordingly the total number of the areas may be 
increased. For example, a section including a place where a worker carries 
out an assisting work for each substrate -related-operation performing 
machine 10 may be pre-set as an area. If each of the areas is narrowed and 
the total number of the areas is increased, then the position of each worker 
can be recognized more precisely and accordingly the amount of movement 
of the each worker can be estimated more accurately. This leads to assigning 
each assisting work to a more appropriate worker. In the above -de scribed 
embodiment, the near-position continuous works are assisting works 
belonging to a same area. However, in the case where each of the areas is 
narrowed, two assisting works may be determined as near-position 
continuous works, even though those assisting works may belong to 
different areas, so long as one of the areas is located within a pre-set range 
from the other area. In the above -described embodiment, the position of 
each worker is estimated based on the set of worker input information 
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inputted by the each worker. However, each worker may carry a signal 
transmitter, and the position of the each worker may be estimated by 
detecting, with a sensor, the signal transmitted by the transmitter. 
Alternatively, each worker may input his or her current position into his or 
her portable terminal device 42, and the position of the each worker may be 
estimated based on the inputted position. In the above -described 
embodiment, the portable terminal devices 42 including the respective input 
devices cooperate with the substrate-related-operation performing machines 
10, and a portion of the current-worker-information obtaining portion 120 
that estimates the current position the work finishing position of each 
worker, to constitute a worker-position obtaining device. 



